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(57) ABSTRACT

The present invention provides an organic LED element in
which the extraction efficiency is improved up to 80% of
emitted light. Further, the invention relates to an electrode-
attached translucent substrate having a translucent substrate,
a scattering layer formed over the glass substrate and contain-
ing a base material having a first refractive index for at least
one wavelength of wavelengths of emitted light of an organic
LED element and a plurality of scattering materials posi-
tioned in the base material and having a second refractive
index different from that of the base material, and a translu-
cent electrode formed over the scattering layer and having a
third refractive index equal to or lower than the first refractive
index, in which distribution of the scattering materials in the
scattering layer decreases from the inside of the scattering
layer toward the translucent electrode.
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TRANSLUCENT SUBSTRATE, PROCESS FOR
PRODUCING THE SAME, ORGANIC LED
ELEMENT AND PROCESS FOR PRODUCING
THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a translucent sub-
strate, a process for producing the same, an organic LED
element and a process for producing the same, and particu-
larly relates to a light-extraction structure of an organic LED
(organic light emitting diode) or the like.

BACKGROUND ART

[0002] An organic LED element is one in which an organic
layer is put between electrodes, and a voltage is applied
between the electrodes to inject holes and electrons, which
are allowed to be recombined in the organic layer, thereby
extracting light that a light-emitting molecule emits in the
course of transition from an excited state to a ground state,
and has been used for display, backlight and lighting appli-
cations.

[0003] The refractive index of the organic layer is from
about 1.8 to about 2.1 at 430 nm. On the other hand, the
refractive index, for example, at the time when ITO (indium
tin oxide) is used as a translucent electrode layer is generally
from about 1.9 to about 2.1, although it varies depending on
the ITO film-forming conditions or composition (Sn—In
ratio). Like this, the organic layer and the translucent elec-
trode layer are close to each other in refractive index, so that
emitted light reaches an interface between the translucent
electrode layer and a translucent substrate without totally
reflecting between the organic layer and the translucent elec-
trode layer. A glass or resin substrate is usually used as the
translucent substrate, and the refractive index thereof is from
about 1.5 to about 1.6, which is lower in the refractive index
than the organic layer or the translucent electrode layer. Con-
sidering Snell’s law, light which tries to enter the glass sub-
strate at a shallow angle is reflected by total reflection in an
organic layer direction, and reflected again at a reflective
electrode to reach the interface of the glass substrate again. At
this time, the incident angle to the glass substrate does not
vary, so that reflection is repeated in the organic layer and the
translucent electrode layer to fail to extract the light from the
glass substrate to the outside. According to an approximate
estimate, it is known that about 60% of the emitted light can
not be extracted by this mode (organic layer-translucent elec-
trode layer propagation mode). The same also occurs at an
interface between the substrate and the air, whereby about
20% of the emitted light propagates in the glass and fails to be
extracted (substrate propagation mode). Accordingly, the
amount of the light which can be extracted to the outside of
the organic LED element is less than 20% of the emitted light
in the present circumstances.

[0004] Patent document 1 proposes a structure in which a
light scattering layer as a translucent material layer is pro-
vided on one surface of a substrate (paragraphs 0039 to 0040).
This proposes a structure in which glass particles are firmly
fixed to the surface of the substrate with an acrylic adhesive to
perform an aggregation arrangement on the surface of the
substrate, thereby providing a light scattering portion
between the substrate and an organic EL element.

[0005] Further, intending to improve extraction efficiency,
patent document 2 discloses “an organic EL. element com-
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prising a translucent substrate having provided thereon a scat-
tering layer comprising an additional layer composed of a
transparent material in which SiO, particles, resin particles, a
metal powder or metal oxide particles are dispersed, by a
resin-based adhesive, spraying, vapor deposition, sputtering,
dipping, spin coating or the like” (paragraph 0057).

[0006] Patent document 3 discloses a light-emitting device
in which a diffusing layer obtained by dispersing at least two
kinds of fine particles one digit or more different in average
particle size in a resin is provided adjacent to a translucent
electrode, thereby efficiently extracting wave-guided light.
[0007] Further, patent document 4 proposes a technique of
preventing total reflection in the inside of a display formed by
using a light-emitting device, thereby intending to increase
luminance. In patent document 4, it is described that “a high
diffusion material may be coated on a layer of a light-emitting
device such as a substrate, a transparent electrode, an optical
film or another component (patent document 4, paragraph
0027), Furthermore, it is described that “for example, par-
ticles may be arranged in glass frit, suitably coated, flattened
and fired to form a glass substrate or a layer on a glass
substrate, which acts as a high diffusion TIR frustrator”
(patent document 4, paragraph 0027).

[0008] Moreover, also in patent document 5, paragraph
0026, there are descriptions similar to those of patent docu-
ment 4.

[0009] Patent Document 1 Japanese Patent No. 2931211

[0010] Patent Document 2 JP-A-2005-63704

[0011] Patent Document 3 JP-A-2005-190931

[0012] Patent Document 4 JP-T-2004-513483

[0013] Patent Document 5 JP-T-2004-513484
DISCLOSURE OF THE INVENTION
Problems That the Invention is to Solve

[0014] However, in patent document 1, paraffin or the like

is fixed as the translucent material layer onto the substrate
with the resin binder (paragraph 0040). Namely, the light
scattering portion of patent document 1 is the resin, and liable
to absorb water. Accordingly, the organic EL device of patent
document 1 has a problem that it can not withstand use for a
long period of time.

[0015] Further, patent document 2 discloses that the refrac-
tive index of the translucent substrate is brought near that of
the scattering layer. However, it makes no mention of the
relationship between the refractive index of the scattering
layer and that of a translucent electrode layer at all. Further,
patent document 2 discloses that a surface of the scattering
layer may be uneven, in a text of the specification.

[0016] Further, patent documents 3 and 4 suggest use of the
glass layer which is decreased in high-temperature degrada-
tion and stable, but makes no mention of unevenness of a
surface of the scattering layer at all.

[0017] When the surface is uneven herein, the unevenness
tends to be formed on a surface of a first electrode formed on
this upper layer. When a layer having a light emitting function
or the like is formed on this upper layer by a vapor deposition
method or the like, coatability of the organic layer to the
unevenness deteriorates, resulting in the occurrence of varia-
tion in thickness of the organic layer. Further, as a result,
variation occurs in interelectrode distance between the above-
mentioned first electrode and a surface of a second electrode
formed on the organic layer. As a result, it has been known
that in aregion small in interelectrode distance, a large current
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locally flows through the organic layer to cause an interelec-
trode short circuit, leading to non-lighting. Furthermore,
when a display device constituted by fine pixels such as a
high-resolution display is formed, it is necessary to form a
fine pixel pattern. There has been a problem that not only the
unevenness of the surface contributes to the occurrence of
variation in position of pixels and size, but also an organic
element is short-circuited by this unevenness.

[0018] As described above, none of the above-mentioned
patent documents 1 to 5 has made mention of the flatness
(arithmetic average roughness) of the surface of the scattering
layer. Further, none of the patent documents has shown an
example of preparing the scattering layer by glass.

[0019] Further, the organic EL element is formed by lami-
nating thin films, so that angular dependency of color is high
due to interference, which has also posed a problem that color
is not exactly reproduced according to a seeing direction.
[0020] Also from such a viewpoint, demand for a translu-
cent substrate having a scattering layer which is thin, high in
flatness and further high in refractive index increases.
[0021] An object of the invention is to improve light-ex-
traction efficiency.

[0022] Further, in an embodiment of the invention, it is an
object to provide a translucent substrate having a scattering
layer excellent in scattering characteristics and having a
desired refractive index, while keeping surface smoothness.
[0023] Furthermore, in another embodiment of the inven-
tion, it is an object to improve light-extraction efficiency to
provide a high-efficient, long-life organic LED element.
[0024] In addition, in still another embodiment of the
invention, it is an object to provide an organic LED element
which can inhibit angular dependency of color.

[0025] Further, in another embodiment of the invention,
when a reflective electrode is used as an electrode facing to a
translucent electrode formed on a translucent substrate, it is
an object to provide the translucent substrate and an organic
EL element in which the appearance is not spoiled by the
occurrence of reflection due to the reflective electrode at the
time of non-light emission.

Means for Solving the Problems

[0026] Accordingly, the electrode-attached translucent
substrate of the invention comprises a translucent glass sub-
strate, a scattering layer formed on the above-mentioned glass
substrate and comprising a glass which contains a base mate-
rial having a first refractive index for at least one wavelength
of light to be transmitted and a plurality of scattering materi-
als dispersed in the above-mentioned base material and hav-
ing a second refractive index different from that of the above-
mentioned base material, and a translucent electrode formed
on the above-mentioned scattering layer and having a third
refractive index equal to or lower than the above-mentioned
first refractive index, wherein distribution of the above-men-
tioned scattering materials in the above-mentioned scattering
layer decreases from the inside of the above-mentioned scat-
tering layer toward the above-mentioned translucent elec-
trode.

[0027] Further, in the invention, in the above-mentioned
translucent substrate, a surface of the above-mentioned scat-
tering layer forms waviness constituting a curved surface.
[0028] Furthermore, in the invention, in the above-men-
tioned translucent substrate, the scattering layer includes one
in which the ratio Ra/RAa ofthe waviness roughness Ra of the
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surface of the above-mentioned scattering layer to the wave-
length Rha of the waviness of the surface is from 1.0x1.07> to
3.0x1072,

[0029] In addition, an organic LED element of the inven-
tion uses the above-mentioned translucent substrate and com-
prises a layer having a light-emitting function formed on the
above-mentioned translucent electrode as a first electrode and
a second electrode formed on the above-mentioned layer
having a light-emitting function.

[0030] Further, a process for producing a translucent sub-
strate of the invention comprises the steps of preparing a
translucent glass substrate, forming on the above-mentioned
glass substrate a scattering layer comprising a base material
having a first refractive index and a plurality of scattering
materials dispersed in the above-mentioned base material and
having a second refractive index different from that of the
above-mentioned base material, and forming on the above-
mentioned scattering layer a translucent electrode having a
third refractive index equal to or lower than the above-men-
tioned first refractive index, wherein the above-mentioned
scattering layer forming step includes the steps of applying a
coating material containing a glass powder onto the above-
mentioned glass substrate and firing the above-mentioned
applied glass powder, and the intralayer distribution of the
scattering materials in the scattering layer decreases from the
inside of the above-mentioned scattering layer toward the
outermost surface thereof.

[0031] The above-mentioned firing step includes herein the
step of firing the glass powder at a temperature which is 60 to
100° C. higher than the glass transition temperature of the
above-mentioned applied glass material.

[0032] The electrode-attached translucent substrate (lami-
nate for an organic LED element) of the invention comprises
atranslucent substrate, a scattering layer formed on the trans-
lucent substrate and comprising a base material having a first
refractive index for at least one wavelength of wavelengths of
emitted light of the organic LED element and a plurality of
scattering materials positioned in the inside of the base mate-
rial and having a second refractive index different from that of
the base material, and a translucent electrode formed on the
scattering layer and having a third refractive index equal to or
lower than the first refractive index.

[0033] The organic LED element of the invention com-
prises a translucent substrate, a scattering layer formed on the
translucent substrate and comprising a base material having a
first refractive index for at least one wavelength of wave-
lengths of emitted light of the organic LED element and a
plurality of scattering materials positioned in the inside of the
base material and having a second refractive index different
from that of the base material, a translucent electrode formed
on the scattering layer and having a third refractive index
equal to or lower than the first refractive index, an organic
layer formed on the translucent electrode and a reflective
electrode formed on the organic layer.

[0034] The waviness roughness Ra and the average wave-
length RAa as used herein mean values calculated based on
JIS B0601 (2001) (the translated standard of ISO 97), taking
the short wavelength cutoff value as 25.0 um and the long
wavelength cutoff value as 2.5 mm.

[0035] Further, the surface roughness Ra means the micro-
scopically observed surface roughness and a value calculated
in accordance with JIS B0601 (1994), taking the long wave-
length cutoff value as 10 um.

ADVANTAGES OF THE INVENTION

[0036] According to the invention, the light-extraction effi-
ciency can be improved, and it becomes possible to provide a



US 2009/0153972 Al

translucent substrate which can provide an optical device
having high extraction efficiency.

[0037] Further, scatterability can be increased, so that the
angular dependency of color can be decreased.

[0038] Furthermore, a scattering layer is constituted by
glass, thereby being able to realize stability and high strength,
which makes it possible to provide a translucent substrate
excellent in scatterability without increasing the thickness
compared to an original translucent substrate made of glass.
[0039] According to the invention, an organic LED element
can be provided in which the extraction efficiency is
improved up to 80% of the emitted light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a cross-sectional view showing structures
of a translucent substrate and an organic LED element of
embodiment 1 of the invention.

[0041] FIG. 2 is a schematic view showing a state of glass
particles constituting a scattering layer of the translucent
substrate of embodiment 1 of the invention, at the time of
coating.

[0042] FIG. 3 is a schematic view showing a state of the
glass particles constituting the scattering layer of the translu-
cent substrate of embodiment 1 of the invention, at the time of
firing.

[0043] FIG. 4 is a schematic view showing a state of a
scattering layer at times when fired at a temperature lower
than the softening point of the glass as a comparative example
of the invention.

[0044] FIG. 5 is a schematic view showing a state of the
scattering layer (when fired at a temperature sufficiently
higher than the softening point of the glass) of embodiment 1
of the invention.

[0045] FIG. 6 is a schematic view showing a state of a
waviness of a surface of the scattering layer of embodiment 1
of the invention.

[0046] FIG. 7 is a schematic view showing a state of a
microscopic concave portion of the surface of the scattering
layer.

[0047] FIG. 8 is a schematic view showing a state of a
microscopic concave portion of the surface of the scattering
layer.

[0048] FIG. 9 is a schematic view showing a state of the
surface of the scattering layer of embodiment 1 of the inven-
tion.

[0049] FIG. 10 is a schematic view showing a state of a
surface of a scattering layer of a comparative example (when
the firing temperature is too high).

[0050] FIG.11 is a graph showing the relationship between
the light-extraction efficiency (%) and the content (vol %) of
a scattering material.

[0051] FIG. 12 is a graph showing the relationship between
the light-extraction efficiency (%) and the refractive index of
a scattering material.

[0052] FIG.13 is a graph showing the relationship between
the light-extraction efficiency (%) and the content (vol %) of
a scattering material.

[0053] FIG. 14 is a graph showing the relationship between
the light-extraction efficiency (%) and the number (number/
mm?) of scattering materials.

[0054] FIG. 15 is a graph showing the relationship between
the light-extraction efficiency (%) and the transmittance (@1
mmt %) of a base material of the scattering layer.
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[0055] FIG. 16 is a graph showing the relationship between
the light-extraction efficiency (%) and the reflectivity (%) of
a cathode.

[0056] FIG. 17 is a graph showing the relationship between
the ratio of light outgoing to the scattering layer and the
refractive index of the base material of the scattering layer.
[0057] FIG. 18 is a graph showing the relationship between
the wavelength and the refractive index of the base material of
the scattering layer.

[0058] FIG. 19 show the results of a simulation of the
relationship between the wavelength and the illuminance of a
light receiving surface.

[0059] FIG. 20 is a flow chart showing a process for pro-
ducing a substrate for an organic LED element of the inven-
tion.

[0060] FIG. 21 is a flow chart showing a process for pro-
ducing an organic LED element of the invention.

[0061] FIG. 22 is a cross-sectional view schematically
showing a constitution of an organic EL display device.
[0062] FIG. 23 is a cross-sectional view showing other
structures of a laminate for an organic LED element and an
organic LED element of the invention.

[0063] FIG. 24 shows the results of observation from the
front under conditions of sample 1 and sample 2.

[0064] FIG. 25 is a cross-sectional view taken along line
A-A as seen from the direction C in FIG. 26, showing a
structure of an evaluation element.

[0065] FIG. 26 is a top view of the evaluation element seen
from the direction B in FIG. 25.

[0066] FIG. 27 are graphs showing wavinesses of surfaces
of' scattering layers. FIG. 27(A) is a graph showing waviness
of'a surface of a scattering layer having a film thickness of 60
um, and FIG. 27(B) is a graph showing waviness of a surface
of'a scattering layer having a film thickness of 60 jum obtained
by polishing a scattering layer having a film thickness of 120
pm.

[0067] FIG. 28 is a graph showing the results obtained by
measuring a surface shape of a scattering layer with a surface
roughness tester.

[0068] FIG.29 are graphs showing the measurement results
ofllocal roughness of surfaces of scattering layers. FIG. 29(A)
is a graph showing the measurement results of a surface of a
non-polished scattering layer, and FIG. 29(B) is a graph
showing the measurement results of a surface of a polished
scattering layer.

[0069] FIG. 30 is a block diagram showing the constitution
of an evaluation system for evaluating light-emitting charac-
teristics.

[0070] FIG. 31 is a block diagram showing measurement
points.
[0071] FIG. 32 is a graph showing luminance distribution

of'a central light-emitting region 2210 and a peripheral light-
emitting region 2220.

[0072] FIG. 33 is a graph showing the average front lumi-
nance of five measurement points for each scattering layer
changed in thickness.

[0073] FIG. 34is a graph showing the luminance at the time
when the five-point average value is corrected by measuring
the amount of light of a peripheral light-emitting region for
each scattering layer changed in thickness.

[0074] FIG. 35 is a graph showing the ratio of the front
luminance in a region having no scattering layer and a region
having a scattering layer of each evaluation element.
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[0075] FIG. 36 is a graph showing the measurement results
of fluorescence spectra of a region having a scattering layer
and a region having no scattering layer.

[0076] FIG. 37 is a graph in which in the measurement
results of the fluorescence spectrum of the region having a
scattering layer, the spectrum of the region having no scatter-
ing layer, the intensity of which is doubled, is overwritten on
the spectrum of the region having a scattering layer.

[0077] FIG. 38 is a graph showing the measurement results
of directional dependency of light intensity.

[0078] FIG. 39 is a graph in which the data of FIG. 38 is
normalized by front light intensity.

[0079] FIG. 40 is a graph showing pore diameter distribu-
tion.
[0080] FIG. 41 is a graph comparing the measurement

results in the present case to the relationship between the
number of pores per 1 mm? and the light-extraction efficiency
at the time when the pore diameter is 2 um.

[0081] FIG. 42 is a graph showing the refractive indexes of
aglass forascattering layer, an ITO film and an Alq; film used
in an evaluation experiment.

[0082] FIG. 43 is a graph showing the measurement results
of the relationship between the firing temperature and the
surface roughness of a scattering layer of a translucent sub-
strate in Example 2 of the invention.

[0083] FIG. 44 is a graph showing the measurement results
of the relationship between the firing temperature and the
refractive index of a scattering layer of a translucent substrate
in Example 2 of the invention.

[0084] FIG.45is a view showing a light-emitting state of an
organic LED element formed by using the translucent sub-
strate in Example 2 of the invention.

[0085] FIG. 46 is a view showing a light-emitting state of an
organic LED element formed by using a translucent substrate
for comparison.

[0086] FIG.47isagraph showing the voltage-currant char-
acteristic of the organic LED elements formed by using the
translucent subs-rates in Example 2 of the invention and for
comparison.

[0087] FIG. 48 is a graph showing the current-luminance
characteristic of the organic LED elements formed by using
the translucent substrates in Example 2 of the invention and
for comparison.

[0088] FIG.49isaview showing a measurement device for
measuring the angular dependency of light-emitting lumi-
nance and light-emitting color in Example 3 of the invention.
[0089] FIG. 50 is a graph showing spectral data of the
angular dependency of light-emitting luminance and light-
emitting color of an organic LED element for comparison.
[0090] FIG. 51 is a graph showing spectral data of the
angular dependency of light-emitting luminance and light-
emitting color of the organic LED element for comparison.
[0091] FIG. 52 is a graph showing spectral data of the
angular dependency of light-emitting luminance and light-
emitting color of an organic LED element in Example 3 of the
invention.

[0092] FIG. 53 is a graph showing spectral data of the
angular dependency of light-emitting luminance and light-
emitting color of the organic LED element in Example 3 of
the invention.

[0093] FIG. 54 is a graph showing the chromatic coordi-
nates of the angular dependency of light-emitting luminance
and light-emitting color of the organic LED element in
Example 3 of the invention.
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[0094] FIG. 55 is a graph showing the relationship between
the depth and the number of pores in a scattering layer of the
organic LED element in Example 3 of the invention.

[0095] FIG. 56 is a view showing a method for measuring
the transmittance of a scattering layer of Example 4 of the
invention.

[0096] FIG. 57 is a graph showing the measurement results
of the relationship between the film thickness and the total
light transmittance of the scattering layer of Example 4 of the
invention.

[0097] FIG. 58 is a graph showing the relationship between
the film thickness and the haze value of the scattering layer of
Example 4 of the invention.

[0098] FIG. 59 is a graph showing the light-extraction effi-
ciency ratio (light-extraction ratio) comparing the total light
transmittance of Example 4 of the invention to the case of
having no scattering layer.

[0099] FIG. 60 is a graph showing the light-extraction effi-
ciency ratio (light-extraction ratio) comparing the haze value
of Example 4 of the invention to the case of having no scat-
tering layer.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

[0100] 100 Electrode-Attached Translucent Substrate
(Laminate for Organic LED Element)

[0101] 101 Glass Substrate
[0102] 102 Scattering Layer
[0103] 103 Translucent Electrode
[0104] 104 Scattering Material
[0105] 110 Organic Layer

[0106] 120 Reflective Electrode

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiment 1

[0107] The electrode-attached translucent substrate (lami-
nate for an organic LED element) of embodiment 1 of the
invention and the organic LED element being laminated for
an organic LED element will be described below with refer-
ence to the drawings. FIG. 1 is a cross-sectional view showing
structures of the laminate for an organic LED element and the
organic LED element being laminated for an organic LED
element.

[0108] The organic LED element of the invention com-
prises an electrode-attached translucent substrate (laminate
for an organic LED element) 100, an organic layer 110 and a
reflective electrode 120, as shown in FIG. 1. The electrode-
attached translucent substrate comprises a substrate 101 as a
translucent glass substrate, a scattering layer 102 and a trans-
lucent electrode 103.

[0109] The electrode-attached translucent substrate 100
used in the invention comprises the translucent glass substrate
101, the scattering layer 102 including glass and formed on
the above-mentioned glass substrate and the translucent elec-
trode 103. The above-mentioned scattering layer comprises a
base material having a first refractive index at one wavelength
of light to be transmitted and a plurality of scattering materi-
als 104 dispersed in the above-mentioned base material and
having a second refractive index different from that of the
above-mentioned base material, and the distribution of the
above-mentioned scattering materials in the above-men-
tioned scattering layer decreases from the inside of the above-
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mentioned scattering layer to the above-mentioned translu-
cent electrode. This translucent electrode 103 has a third
refractive index equal to or lower than the above-mentioned
first refractive index.

[0110] Further, the density p, of the scattering material at a
half thickness (8/2) of the above-mentioned scattering layer
102 including glass and the density p, of the scattering mate-
rial at a distance x (8/2=x=09) from a surface of the above-
mentioned scattering layer on the side facing to the above-
mentioned translucent electrode (namely, a surface on the
substrate side) satisfy p,;=p,.

[0111] Further, the density p, of the scattering material at a
distance x (x=0.2 pm) from the translucent electrode side
surface of the above-mentioned scattering layer including
glass and the density p, of the above-mentioned scattering
material at a distance x=2 pm satisfy p,>p;. This is also clear
from FIG. 55, although described later. FIG. 55 shows the
case where the firing temperature is 570° C. and 580° C.
However, similar results could be obtained even when the
firing temperature was somewhat changed.

[0112] Furthermore, the density p; of the scattering mate-
rial at a distance x (x=0.2 um) from the translucent electrode
side surface of the above-mentioned scattering layer includ-
ing glass and the density p of the above-mentioned scattering
material at a distance x=5 pm satisfy p5>p;. This is also clear
from FIG. 55, although also described later.

[0113] According to this constitution, the probability that
pores, precipitated crystals or the scattering material com-
posed of a material different in composition from the base
material exists in a surface layer of the scattering layer as a
glass layer and directly thereunder is lower than in the inside
of the scattering layer, so that a smooth surface can be
obtained. For this reason, for example, in the case of forming
an organic EL element, a surface of the translucent substrate,
namely a surface of the scattering layer, is smooth, so that a
surface of the translucent electrode (first electrode) formed on
this upper layer is smooth. Also in the case of forming a layer
having a light-emitting function, or the like on this upper layer
by a coating method or the like, the layer having a light-
emitting function can be uniformly formed, and the interelec-
trode distance between the translucent electrode and a surface
of the reflective electrode (second electrode) formed on the
layer having a light-emitting function also becomes uniform.
As a result, it does not happen that a large current is locally
applied to the layer having a light-emitting function, so that
the lifetime can be prolonged. Further, when a display device
constituted by fine pixels such as a high-resolution display is
formed, it is necessary to form a fine pixel pattern. There has
been a problem that not only the unevenness of the surface
contributes to the occurrence of variation in position of pixels
and size, but also an organic EL element is short-circuited by
this unevenness. However, the fine pattern can be formed with
high accuracy.

[0114] Incidentally, although the scattering layer is directly
formed on the glass substrate, it may be formed with the
interposition of a barrier layer, for example, such that a thin
silica film is formed on the glass substrate by a sputtering
method or the like, and then the scattering layer is formed
thereon. However, an extremely stable and flat surface can be
obtained by forming the scattering layer including glass with
no interposition of an adhesive or an organic layer. Moreover,
it becomes possible to form a thermally stable and long-life
optical device by constituting it with only inorganic materi-
als.
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[0115] Characteristics of such a translucent substrate will
be described in detail.

[0116] When a glass powder is fired, a schematic view of a
state in which the glass powder is applied by a suitable
method is shown in FIG. 2. A cross section of an outermost
portion of a glass layer as the scattering layer constituting the
translucent substrate of the invention is shown herein. This
state can be obtained, for example, by dispersing glass par-
ticles G in a solvent or a mixture of a resin and a solvent and
applying the resulting dispersion to a desired thickness. For
example, there are used the glass particle G having a size of
about 0.1 to about 10 pm in terms of the maximum length.
When the resin and the solvent are mixed, a resin membrane
in which the glass particles G are dispersed is heated to
decompose the resin, thereby obtaining the state of FIG. 2.
FIG. 2 is drawn in a simplified manner, and there is a space
between the glass particles.

[0117] Supposing that the glass particle size of the glass
particles G has distribution, it is conceivable that a structure in
which a small glass particle enters the space between the large
glass particles G is obtained. When the temperature further
rises, the glass particles start to be fused to one another at a
temperature 10° C. to 20° C. higher than the softening tem-
perature of the glass. A state at this time is shown in FIG. 3.
When the glass particles are fused to one another, the space
formed between the glass particles of FIG. 2 is deformed by
softening of the glass to form a closed space in the glass. The
glass particles are fused to one another, whereby outermost
layers of the glass particles form an outermost surface of the
scattering layer 102 (glass layer). On the outermost surface
200, the space which does not form the closed space is present
as a depression.

[0118] When the temperature is further raised, softening
and fluidity of'the glass proceed, and the space in the inside of
the glass forms a spherical pore. On the glass outermost
surface 200, the depression caused by the space between the
glass particles G is smoothed. This state is shown in FIG. 4.
Not only the pore due to the space between the glass particles
G, but also pores are formed by generation of a gas at the time
when the glass is softened, in some cases. For example, when
an organic material is adhered to the surface of the glass layer,
it decomposes to generate CO,, thereby forming pores in
some cases. Further, such a thermally decomposable material
may be introduced to positively generate pores. Such a state is
usually obtained in the vicinity of the softening temperature.
The viscosity of the glass is as high as 107-° poises at the
softening temperature, so that the pores can not rise to the
surface in the case where the size of the pores is several
microns or less. Accordingly, it is possible to further smooth
the surface while inhibiting the pores from rising to the sur-
face by adjusting the material composition so as to generate
small pores and by further raising the temperature or by
prolonging the retention time. When cooled from the state in
which the surface is smoothed in this way, the scattering glass
layer is obtained in which the density of the scattering mate-
rial is smaller in the inside of the glass layer than in the surface
thereof and which has a smooth surface.

[0119] Like this, it is possible to inhibit the generation of
the pores and depressions in the outermost surface of the glass
layer while leaving the pores in the glass layer by adjusting
the material composition and firing temperature for forming
the glass layer. Namely, it becomes possible to provide the
electrode-attached translucent substrate excellent in scatter-
ing characteristics and high in surface smoothness by adjust-
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ing the firing temperature profile and adjusting the firing
temperature so as to prevent the scattering material from
rising and to leave the pores in the glass layer not to rise to the
surface.

[0120] Further, at this time, the surface of the glass layer
undulates in some cases depending on the treating tempera-
ture, the glass material for the glass layer, the size of the glass
particles and the substrate material. A schematic view thereof
is shown in FIG. 6. The waviness as used herein have a period
of 10 um or more. The size of the waviness is from about 0.01
um to about 5 um in terms of the waviness roughness Ra. Even
when such waviness is present, the microscopic smoothness,
namely the microscopic surface roughness Ra, is kept at 30
nm or less. When the treating temperature is low, a micro-
scopic concave portion of the outermost surface is left in some
cases. However, the shape of the concave portion becomes
gentle as shown in FIG. 8, not an overhung shape as shown in
FIG. 7. The overhung shape as used herein means that the
angle 0 between the surface of the scattering layer and a
tangent line in the vicinity of an opening of the concave
portion is an acute angle as shown in FIG. 7, and the term
gentle means that 0 in FIG. 8 is an obtuse angle or a right
angle. When the shape is gentle as described above, it is said
that the possibility that this concave portion causes an inter-
electrode short circuit of the organic EL element is low. The
firing temperature is desirably about 40° C. to about 60° C.
higher than the glass transition temperature. A too low tem-
perature causes insufficient sintering, resulting in failure to
smooth the surface. Accordingly, the firing temperature is
more desirably about 50° C. to about 60° C. higher than the
glass transition temperature.

[0121] Further, use of the easily crystallizable glass makes
it possible to precipitate crystals in the inside of the glass
layer. At this time, when the crystals have a size of 0.1 um or
more, they act as a light scattering material. A state at this time
is shown in FIG. 9. A suitable selection of the firing tempera-
ture makes it possible to precipitate the crystals in the inside
of the glass layer while inhibiting the precipitation of the
crystals in the outermost surface of the glass layer as
described above. Specifically, it is desirable that the tempera-
ture is about 60° C. to about 100° C. higher than the glass
transition temperature. On such an increase in temperature as
this, the viscosity of the glass is high, and the pores do not rise
to the surface.

[0122] When the temperature is too high, the crystals also
precipitate in the outermost surface of the glass layer to lose
smoothness of the outermost surface. This is therefore unfa-
vorable. A schematic view thereof is shown in FIG. 10.
Accordingly, the firing temperature is more preferably about
60° C. to about 80° C. higher than the glass transition tem-
perature, and most preferably about 60° C. to about 70° C.
higher than the glass transition temperature. Such a technique
makes it possible to allow the pores and the precipitated
crystals to exist in the glass layer as the scattering material
and to inhibit the generation thereof in the glass outermost
surface. The reason why these are possible is that the glass is
flattened for itself within the certain temperature range, and
that high viscosity at which the pores do not rise to the surface
can be realized or the crystals can be precipitated. In the case
of'a resin, it is difficult to control the process at high viscosity
as described above, and also the crystals can not be precipi-
tated.

[0123] As described above, the translucent substrate in
which the density of the scattering material in the outermost
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surface of the above-mentioned scattering layer is lower than
the density of the scattering material in the inside of the
above-mentioned scattering layer can be obtained by adjust-
ing the material composition and the firing conditions.
[0124] Further, it becomes possible to obtain the translu-
cent substrate having sufficient scattering characteristics and
a smooth surface by using a translucent substrate in which
there is present such d that the density p, of the scattering
material at a half thickness of the above-mentioned scattering
layer including glass and the density p, of the scattering
material at a distance x from a surface of the above-mentioned
scattering layer on the side facing to the above-mentioned
translucent electrode (namely, a surface on the substrate side),
which satisfies 8/2=x=9, satisfy p,;=p,.

[0125] Further, in the scattering layer, the surface forms
waviness constituting a curved surface, thereby being able to
inhibit the appearance from being spoiled by reflection, when
the organic EL element formed on the upper layer is a reflec-
tive electrode. When the reflective electrode is used, it has
been a problem that the appearance is spoiled by reflection
due to the reflective electrode at the time of non-light emis-
sion. However, according to the invention, the accuracy of a
pattern formed on the upper layer is not deteriorated, varia-
tion does not occur in interelectrode distance, and the contact
area of the electrode and the layer having a light-emitting
function can be increased, by making the conditions suitable
when the scattering layer is formed. Accordingly, the effec-
tive element area can be increased, thereby being able to form
the long-life, high-intensity organic EL element.

[0126] Furthermore, as shown in FIG. 6, the ratio Ra/RAa
of'the waviness roughness Ra of the surface of this scattering
layer to the wavelength RAa of the waviness of the surface is
desirably from 1.0x107 to 3.0x107°.

[0127] In addition, the surface roughness Ra of the surface
of'the above-mentioned scattering layer is desirably 30 nm or
less. More desirably, the surface roughness of the above-
mentioned scattering layer is 10 nm or less.

[0128] For example, when the organic EL element is
formed on such a translucent substrate, for example, the trans-
lucent substrate is required to be thinly formed. It is at a
surface roughness of 30 nm or less, desirably 10 nm or less
that this translucent electrode can be formed without being
affected by a ground. When the surface roughness exceeds 30
nm, coatability of the organic layer formed thereon deterio-
rates in some cases, and a short circuit occurs between the
translucent electrode formed on the glass scattering layer and
the other electrode in some cases. The interelectrode short
circuit causes non-lighting of the element, but it is possible to
restore it by applying an overcurrent in some cases. In order to
make the restoration possible, the roughness of the glass
scattering layer is desirably 10 nm or less, and more desirably
3 nm or less.

[0129] Incidentally,in a certain material system, it is known
that a surface roughness of 10 nm or less can be obtained
when the firing temperature is adjusted to 570° C. or more
(see Table 1). Although the optimum firing conditions vary
depending on the material system, the scattering material is
inhibited from being present in the outermost surface by
controlling the kind or size of scattering material, thereby
being able to obtain the scattering layer with an excellent
surface smoothness.

[0130] Further, when the pores are present in the scattering
layer, an increase in size of the pores increases buoyancy in a
scattering layer forming process such as firing, resulting in an
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easy rising of the pores to the surface. When the pores reach
the outermost surface, there is the possibility that they burstto
significantly deteriorate the surface smoothness. Further-
more, the number of the scattering materials relatively
decreases in that portion, so that scatterability decreases only
in that portion. Coagulation of such large pores also results in
visual observation as unevenness. Moreover, the ratio of the
pores having a diameter of 5 um or more is desirably 15 vol %
or less, more desirably 10 vol % or less, and still more pref-
erably 7 vol % or less. In addition, even when the scattering
material is other than the pores, the number of the scattering
materials relatively decreases in that portion, so that scatter-
ability decreases only in that portion. Accordingly, the ratio of
the scattering material having a maximum length of 5 um or
more is desirably 15 vol % or less, more desirably 10 vol % or
less, and still more desirably 7 vol % or less.

[0131] Still further, when the reflective electrode is used,
there has been a problem that the appearance is spoiled by the
occurrence of reflection due to the reflective electrode at the
time of non-light emission. However, when the scattering
layer is formed, the conditions are optimized, thereby being
able to form waviness shape on the surface of the scattering
layer. The waviness of the surface of the scattering layer was
measured. SURFCOM 1400D manufactured by Tokyo Seim-
itsu Co., Ltd was used for the measurement. The cutoff wave-
length used herein was 2.5 mm. Then, aluminum was vacuum
vapor deposited on this scattering layer-attached glass sub-
strate to a thickness of 80 nm, the diffuse reflectivity of a film
formation surface of the aluminum layer was measured, and
the ratio of scattering light was calculated. LANBDA 950
manufactured by Perkin Elmer Inc. was used for the measure-
ment.

[0132] The results thereof are shown in Table 1.
TABLE 1
Surface Diffuse
Ra Rha  Ra/Rha Ares Reflection
Glass Material (um)  (um) (1072 Ratio Ratio

A Fired at 3.39 143 2.37 1.0352 98%

550° C.

Fired at 2.58 216 1.19 1.0111 85%

560° C.

Fired at 2.53 236 1.07 1.0088 83%

570° C.

Fired at 1.68 302 0.556 1.0027 60%

580° C.

B 4.74 492 0.963 1.0082 72%

C 0.04 171 0.0234 1.0001 38%
[0133] Here, A is glass materials comprising 23.1 mmol %

of' P,Os, 12.0 mol % of B,0;, 11.6 mol % of Li,0, 16.6 mol
% 0f B1,05, 8.7 mol % of TiO,, 17.6 mol % of Nb,O, and 10.4
mol % of WO, and fired at the respective temperatures, B is a
glass material having the same composition as A with excep-
tion that Bi,0; is decreased to 5.5 mol % and that Na,O and
K,O are added in amounts of 4 mol % and 2.5 mol %,
respectively, and fired at 530° C., and C is a glass material
having the composition shown in Table 12 and obtained by
firing a scattering layer constituted. The glass transition tem-
perature Tg of A is 499° C., and that of B is 481° C.

[0134] By adjusting the firing conditions like this, the wavi-
ness can be given to the surface, and this makes it possible to
reduce specular reflectivity. Accordingly, even when scatter-
ability of the scattering layer is low, reflection due to the fact
that the reflective electrode has specularity can be decreased.
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[0135] Further, the content of the above-mentioned scatter-
ing materials in the above-mentioned scattering layer is desir-
ably at least 1 vol %.

[0136] The experiment results reveals that when the scat-
tering material is contained in an amount of 1 vol % or more,
sufficient light scatterability can be obtained.

[0137] Furthermore, there are the case where the scattering
material is pores, the case where it is material particles having
a composition different from that of the base layer and the
case where it is precipitated crystals of the base layer. These
may be used either alone or as a mixture thereof.

[0138] When the scattering material is pores, the size of the
pores, pore distribution or density can be adjusted by adjust-
ing the firing conditions such as the firing temperature.
[0139] When the scattering material is material particles
having a composition different from that of the base layer, the
size, distribution or density of the scattering material can be
adjusted by adjusting the material composition or the firing
conditions such as the firing temperature.

[0140] When the above-mentioned scattering material is
precipitated crystals of the glass constituting the above-men-
tioned base layer, the size of the pores, pore distribution or
density can be adjusted by adjusting the firing conditions such
as the firing temperature.

[0141] Further, the first refractive index of the base layer for
atleast one wavelength of wavelengths A(430 nm<A<650 nm)
is desirably 1.8 or more. Although it is difficult to form a high
refractive index material layer, it becomes easy to adjust the
refractive index by adjusting the material composition of the
glass material.

[0142] The respective members will be described in detail
below.

[0143] <Substrate>

[0144] As substrate 101 used for the formation of the trans-

lucent substrate, a material having a high refractive index for
visible light is used, mainly such as a glass substrate. As the
material having a high refractive index, specifically, a plastic
substrate as well as the glass substrate may be used. As a
material for the glass substrate, an inorganic glass such as
alkali glass, non-alkali glass or quartz glass may be men-
tioned. Further, as a material for the plastic substrate, a poly-
ester, a polycarbonate, a polyether, a polysulfone, a poly-
ethersulfone, a polyvinyl alcohol or a fluorine-containing
polymer such as polyvinylidene fluoride or polyvinyl fluoride
may be mentioned. Incidentally, in order to prevent moisture
from passing through the substrate, the plastic substrate may
be constituted so that barrier properties are given thereto. The
thickness of the translucent substrate 101 is preferably from
0.1 mm to 2.0 mm in the case of glass. However, too thin
substrate results in a decrease in strength, so that it is particu-
larly preferred that the thickness is from 0.5 mm to 1.0 mm.
[0145] Incidentally, in order to prepare the scattering layer
by glass frit, the thermal expansion coefficient is preferably
50%x1077/° C. or more, more preferably 70x1077/° C. or more
and still more preferably 80x1077/° C. or more, because a
problem of strain and the like are encountered.

[0146] Further, it is desirable that the average thermal
expansion coefficient of the scattering layer at 100° C. to 400°
C. is from 70x1077(° C.7) to 95x1077(° C.™%), and that the
glass transition temperature is from 450° C. to 550° C.
[0147] Scattering Layer

[0148] A constitution, a preparation method and character-
istics of the scattering layer and a measuring method of the
refractive index will be described in detail below. Inciden-
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tally, in order to realize an improvement of the light-extrac-
tion efficiency which is the principal object of the invention,
the refractive index of the scattering layer must be equivalent
to or higher than the refractive index of a translucent electrode
material, although details thereof are described later.

[0149] Calculating Method

[0150] In order to obtain characteristics of the scattering
layer described later, the present inventors performed optical
simulations, and examined, for respective parameters, influ-
ences exerted on the extraction efficiency thereby. A comput-
ing software used is a software SPEOS manufactured by
OPTIS Corporation. This software is a ray trace software, and
at the same time, it is possible to apply a theoretical formula
of Mie scattering to the scattering layer. The thickness of the
organic layer actually used as a layer having a light-emitting
function, such as a charge-injection-transport layer or a light-
emitting layer, is actually from about 0.1 um to about 0.3 um
in total. However, in the ray trace, the angle of ray does not
change even when the thickness is changed. Accordingly, it
was taken as 1 pm of the minimum thickness allowed in the
software. For a similar reason, the total thickness of the glass
substrate and the scattering layer was taken as 100 um. Fur-
ther, for simplicity, calculation was made dividing the organic
layer and the translucent electrode into three of the charge-
injection layer and the light-emitting layer, a hole-injection-
transport layer, and the translucent electrode. In the calcula-
tion, the refractive indexes of these are assumed as the same.
However, the refractive indexes of the organic layer and the
translucent electrode are equivalent values, so that the calcu-
lated results are not largely changed. Strictly considered, a
waveguide mode caused by interference stands, because the
organic layer is thin. However, the results are not largely
changed, even when geometric-optically treated. This is
therefore sufficient for estimating the advantages of this
invention. In the organic layer, emitted light is assumed to be
outgone from a total of 6 faces without having directivity. The
calculation was made, taking the total light flux amount as
1,000 Im and the number of light rays as 100,000 rays or
1,000,000 rays. The light outgone from the translucent sub-
strate was captured by a receiving surface mounted 10 um
above the translucent substrate, and the extraction efficiency
was calculated from the illuminance thereof.

[0151] Constitution

[0152] Inthis embodiment, as described above, the scatter-
ing layer 102 is formed by forming a glass powder on the glass
substrate by a method such as coating and firing it at a desired
temperature, and has the base material 102 having a first
refractive index and a plurality of scattering materials 104
dispersed in the above-mentioned base material 102 and hav-
ing a second refractive index different from that of the above-
mentioned base material. The intralayer distribution of the
above-mentioned scattering materials in the above-men-
tioned scattering layer decreases from the inside of the above-
mentioned scattering layer to the outermost surface. Use of
the glass layer makes it possible to keep smoothness of the
surface while having excellent scattering characteristics, as
described above, and use thereof on the light outgoing surface
side of the light-emitting device or the like makes it possible
to realize extremely high-efficient light extraction.

[0153] Further, as the scattering layer, a material (base
material) having a main surface coated and having a high light
transmittance may be used. As the base material, a glass, a
crystallized glass, a translucent resin or a translucent ceramic
may be used. As a material for the glass, an inorganic glass
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such as soda lime glass, borosilicate glass, non-alkali glass or
quartz glass may be used. Incidentally, the plurality of scat-
tering materials 104 (for example, pores, precipitated crys-
tals, material particles different from the base material or
phase-separated glass) are formed in the inside of the base
material. The particle as used herein means a small solid
material, and there is a filler or a ceramic. Further, the pore
means an air or gas material. Furthermore, the phase-sepa-
rated glass means a glass composed of two or more kinds of
glass phases. Incidentally, when the scattering material is the
pore, the size of the scattering material indicates a diameter of
a void.

[0154] Further, in order to realize an improvement of the
light-extraction efficiency which is the principal object of the
invention, the refractive index of the scattering layer must be
equivalent to or higher than the refractive index of the trans-
lucent electrode material. When the refractive index is low, a
loss cue to total reflection occurs at an interface between the
base material and the translucent electrode material. The
refractive index of the base material is only required to exceed
for at least one portion (for example, red, blue, green or the
like) in the emission spectrum range of the scattering layer.
However, it exceeds preferably over the whole region (430
nm to 650 nm) of the emission spectrum range, and more
preferably over the whole region (360 nm to 830 nm) of the
wavelength range of visible light.

[0155] Further, in order to prevent the interelectrode short
circuit of the organic LED element, the main surface of the
scattering layer is required to be smooth. For that purpose, it
is unfavorable that the scattering materials protrude from the
main surface of the scattering layer. Also in order to prevent
the scattering materials from protruding from the main sur-
face of the scattering layer, it is preferred that the scattering
materials are not present within 0.2 pm from the main surface
of'the scattering layer. The arithmetic average roughness (Ra)
of the main surface of the scattering layer specified in JIS
B0601-1994 is preferably 30 nm or less, more preferably 10
nm or less (see Table 1), and particularly desirably 1 nm or
less. Although both the refractive indexes of the scattering
material and the base material may be high, the difference
(An) in the refractive indexes is preferably 0.2 or more for at
least one portion in the emission spectrum range of the scat-
tering layer. In order to obtain sufficient scattering character-
istics, the difference (An) in the refractive indexes is more
preferably 0.2 or more over the whole region (430 nm to 650
um) of the emission spectrum range or the whole region (360
nm to 830 pum) of the wavelength range of visible light.

[0156] In order to obtain the maximum refractive index
difference, a constitution of using a high refractive index
glass as the above-mentioned high light transmittance mate-
rial and the gas material, namely the pores, as the scattering
material is desirable. In this case, the refractive index of the
base material is desirably as high as possible, so that the high
refractive index glass is preferably used as the base material.
For components of the high refractive index glass, there can
be used the high refractive index glass containing one or two
or more kinds of components selected from P,Os, SiO,,
B,0;, Ge,O and TeO, as network formers, and one or two or
more kinds of components selected from TiO,, Nb,O5, WO,
Bi,0;, La,0;, Gd,0;, Y,0;, ZrO,, ZnO, BaO, PbO and
Sb,0; as high refractive index components. In addition, in a
sense of adjusting characteristics of the glass, an alkali oxide,
an alkaline earth oxide, a fluoride or the like may be used
within the range not impairing characteristics required for the
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refractive index. Specific glass systems include a B;O;—
Zn0—La,0; system, a P,0,—B,0,—R',0—R"O—
TiO,—Nb,0,—WO,—Bi,0; system, a TeO,—ZnO sys-
tem, a B,0;—Bi,0; system, a SiO,—Bi,0; system, a
Si0,—7Zn0 system, a B,O,—7Zn0 system, a P,O;—Z7n0O
system and the like, wherein R' represents an alkali metal
element, and R" represents an alkaline earth metal element.
Incidentally, the above are examples, and the glass system is
not construed as being limited to these examples as long as it
is constituted so as to satisfy the above-mentioned conditions.

[0157] It is also possible to change color of light emission
by allowing the base material to have a specific transmittance
spectrum. As colorants, known ones such as a transition metal
oxide, a rare-earth metal oxide and a metal colloid can be used
alone or in combination thereof.

[0158] Here, in general, white light emission is necessary
for backlight and lighting applications. For whitening, there
are known a method in which red, blue and green area spa-
tially selectively coated (selective coating method), a method
of laminating light-emitting layers having different light
emission colors (lamination method) and a method of color
changing light emitted in blue with a color changing material
spatially separately provided (color changing method). In the
backlight and lighting applications, what is necessary is just
to uniformly obtain white color, so that the lamination method
is generally used. The light-emitting layers to be laminated
are used in such a combination that white color is obtained by
additive color mixing. For example, a blue-green layer and an
orange layer are laminated, or red, blue and green are lami-
nated, in some cases. In particular, in the lighting application,
color reproducibility at a reflective surface is important, so
that it is desirable to have an emission spectrum necessary for
a visible light region. When the blue-green layer and the
orange layer are laminated, lighting of one with a high pro-
portion of green deteriorates color reproducibility, because of
low light emission intensity of green color. The lamination
method has a merit that it is unnecessary to spatially change a
color arrangement, whereas it has the following two prob-
lems. The first problem is that the emitted light extracted is
influenced by interference, because the film thickness of the
organic layer is thin as described above. Accordingly, color
changes depending on the viewing angle. In the case of white
color, such a phenomenon becomes a problem in some cases,
because the sensitivity of the human eye to color is high. The
second problem is that a carrier balance is disrupted during
light emission to cause changes in light-emitting luminance
in each color, resulting in changes in color.

[0159] A conventional organic LED element has no idea of
dispersing a fluorescent material in a scattering layer or a
diffusing layer, so that it can not solve the above-mentioned
problem of changes in color. Accordingly, the conventional
organic LED element has been insufficient yet for the back-
light and lighting applications. However, in the substrate for
an organic LED element and the organic LED element of the
invention, the fluorescent material can be used in the scatter-
ing material or the base material. This can cause an effect of
performing wavelength conversion by light emission from the
organic layer to change color. In this case, it is possible to
decrease the light emission colors of the organic LED, and the
emitted light is extracted after being scattered. Accordingly,
the angular dependency of color and changes in color with
time can be inhibited.
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[0160] Preparation Method of Scattering Layer

[0161] The preparation of the scattering layer is carried out
by coating and firing. In particular, from the viewpoint of
forming rapidly and uniformly a film thickness of 10 to 100
um with a large area, a method of preparing the layer by using
a frit-pasted glass is preferred. In order to utilize a frit paste
method, itis desirable that the softening point (Ts) of the glass
of'the scattering layer is lower than the strain point (SP) of the
substrate glass, and that the difference in the thermal expan-
sion coefficient (o) is small, for inhibiting thermal deforma-
tion of the substrate glass. The difference between the soft-
ening point and the strain point is preferably 30° C. or more,
and more preferably 50° C. or more. Further, the difference in
the expansion coefficient between the scattering layer and the
substrate glass is preferably £10x10~7 (1/K) or less, and more
preferably £5x10~7 (1/K) or less. The frit paste as used herein
indicates one in which a glass powder is dispersed in a resin,
a solvent, a filler or the like. Glass layer coating becomes
possible by patterning the frit paste using a pattern forming
technique such as screen printing and firing it. The technical
outline will be described below.

[0162] Frit Paste Material
[0163] 1. Glass Powder
[0164] The particle size of the glass powder is from 1 um to

10 um. In order to control the thermal expansion of the film
fired, a filler is incorporated in some cases. As the filler,
specifically, zircon, silica, alumina or the like may be used,
and the particle size thereof is from 0.1 um to 20 um.

[0165]

[0166] In the invention, the above-mentioned scattering
layer uses a glass containing 20 to 30 mol % of P,O4, 3 to 14
mol % of B,0;, 10 to 20 mol % of Li,O, Na,O and K,O in
terms of total amount thereof, 10 to 20 mol % of Bi,0;, 3 to
15 mol % of TiO,, 10 to 20 mol % of Nb,O5 and 5 to 15 mol
% of WO, wherein the total amount of the above-mentioned
components is 90 mol % or more.

[0167] The glass composition for forming the scattering
layer is not particularly limited, as long as desired scattering
characteristics are obtained and it can be frit-pasted and fired.
However, in order to maximize the extraction efficiency,
examples thereof include a system containing P,O; as an
essential component and further one or more components of
Nb,Os, Bi,0;, TiO, and WO;; a system containing B,Oj;,
Zn0O and La,0O; as essential components and one or more
components of Nb,Os, ZrO,, Ta,O5 and WO;; a system con-
taining SiO, as an essential component and one or more
components of Nb,O and TiO,; a system containing Bi, O
as a main component and Si0,, B,O; and the like as network
forming components, and the like.

[0168] Incidentally, in all glass systems used as the scatter-
ing layer in the invention, As,O;, PbO, CdO, ThO, and HgO
which are components having adverse effects on the environ-
ment are not contained, except for the case of inevitable
contamination therewith as impurities derived from raw
materials.

[0169] The scattering layer containing P,O5 and one or
more components of Nb,Oj, Bi,0;, TiO, and WO; is prefer-
ably a glass within the composition range of 15 to 30% of
P,0s, 010 15% 0f Si0,, 0to 18% of B,O;, 5t0 40% of Nb,O,
0 to 15% of TiO,, 0 to 50% of WO;, 0 to 30% of Bi,0;,
provided that Nb,Os+TiO,+WO,+Bi,0; is from 20 to 60%,
0 to 20% of Li,O, 0 to 20% of Na,O, 0 to 20% of K,O,
provided that [.i,0+Na,O+K,O is from 5 to 40%, 0 to 10% of

Glass materials will be described below.
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MgO, 0to 10% of CaO, 0to 10% of SrO, 0to 20% of BaO, 0
t0 20% of ZnO and 0 to 10% of Ta,Os, in terms of mol %.
[0170] Effects of the respective components are as follows
in terms of mol %.

[0171] P,O is an essential component forming a skeleton
of this glass system and performing vitrification. However,
when the content is too small, devitrification of the glass
increases to result in failure to obtain the glass. Accordingly,
it is preferably 15% or more, and more preferably 18% or
more. On the other hand, when the content is too large, the
refractive index decreases to result in failure to achieve the
object of the invention. Accordingly, it is preferably 30% or
less, and more preferably 28% or less.

[0172] B,O, is an optional component as a component
which is added into the glass, thereby improving resistance to
devitrification and decreasing the thermal expansion coeffi-
cient. When the content is too large, the refractive index
decreases. It is therefore preferably 18% or less, and more
preferably 15% or less.

[0173] SiO, is an optional component as a component
which is added in slight amounts, thereby stabilizing the glass
and improving resistance to devitrification. When the content
is too large, the refractive index decreases. It is therefore
preferably 15% or less, and more preferably 10% or less.
[0174] Nb,Os is an essential component improving the
refractive index and also having an effect of enhancing
weather resistance at the same time. Accordingly, the content
is preferably 5% or more, and more preferably 8% or more.
On the other hand, when the content is too large, devitrifica-
tion increases to result in failure to obtain the glass. Accord-
ingly, the content thereof is preferably 40% or less, and more
preferably 35% or less.

[0175] TiO, is an optional component improving the
refractive index. However, when the content is too large,
coloring of the glass increases to cause an increased loss in the
scattering layer, resulting in failure to achieve the object of
improving the light-extraction efficiency. Accordingly, the
content is preferably 15% or less, and more preferably 13% or
less.

[0176] WO, is an optional component improving the
refractive index and decreasing the glass transition tempera-
ture to decrease the firing temperature. However, excessive
introduction thereof results in coloring of the glass to cause a
decrease in the light-extraction efficiency. Accordingly, the
content thereofis preferably 50% or less, and more preferably
45% or less.

[0177] Bi,O; is a component improving the refractive
index, and can be introduced into the glass in relatively large
amounts while keeping stability of the glass. However, exces-
sive introduction thereof poses a problem that the glass is
colored to decrease the transmittance. Accordingly, the con-
tent is preferably 30% or less, and more preferably 25% or
less.

[0178] In order to increase the refractive index more than
the desired value, one or more components of Nb,O;, TiO,,
WO; and Bi,0; described above must be necessarily con-
tained. Specifically, the total amount of (Nb,Os+TiO,+
WO;+B1,0;) is preferably 20% or more, and more preferably
25% or more. On the other hand, when the total amount of
these components is too large, coloring occurs, or devitrifi-
cation excessively increases. It is therefore preferably 60% or
less, and more preferably 55% or less.

[0179] Ta,O5 is an optional component improving the
refractive index. However, when the amount added is too
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large, resistance to devitrification decreases. In addition to
this, it is expensive. Accordingly, the content thereof is pref-
erably 10% or less, and more preferably 5% or less.

[0180] The alkali metal oxides (R,O) such as Li,0, Na,O
and K,O has an effect of improving meltability to decrease
the glass transition temperature and concurrently an effect of
enhancing affinity with the glass substrate to increase adhe-
sion. For this reason, it is desirable to contain one or two or
more kinds of these. These are contained preferably in an
amount of 5% or more, and more preferably in an amount of
10% or more, as the total amount of (Li,O+Na,0+K,0).
However, when they are excessively contained, stability of
the glass is impaired. In addition to this, all are components
decreasing the refractive index, so that the refractive index of
the glass decreases, resulting in failure to the desired
improvement of the light-extraction efficiency. Accordingly,
the total content is preferably 40% or less, and more prefer-
ably 35% or less.

[0181] Li,O is a component for decreasing the glass tran-
sition temperature and improving solubility. However, when
the content is too much, devitrification excessively increases
to result in failure to obtain homogeneous glass. Further, the
thermal expansion coefficient excessively increases to
increase the difference in the expansion coefficient from the
substrate. At the same time, the refractive index also
decreases to result in failure to achieve a desired improvement
of the light-extraction efficiency. Accordingly, the content is
desirably 20% or less, and more preferably 15% or less.
[0182] Both of Na,O and K,O are optional components
improving meltability. However, excessive inclusion thereof
causes a decrease in the refractive index, resulting in failure to
achieve the desired light-extraction efficiency. Accordingly,
the contents are each preferably 20% or less, and more pref-
erably 15% or less.

[0183] ZnO is a component improving the refractive index
and decreasing the glass transition temperature. However,
when it is excessively added, devitrification of the glass
increases to result in failure to obtain the homogeneous glass.
Accordingly, the content is preferably 20% or less, and more
preferably 18% or less.

[0184] BaO is a component improving the refractive index
and concurrently improving solubility. However, when it is
excessively added, stability of the glass is impaired. Accord-
ingly, the content thereof is preferably 20% or less, and more
preferably 18% or less.

[0185] MgO, CaO and SrO are optional components
improving solubility, and components decreasing the refrac-
tive index at the same time. Accordingly, the contents are each
preferably 10% or less, and more preferably 8% or less.
[0186] In order to obtain the high refractive index and
stable glass, the total amount of the above-mentioned com-
ponents is preferably 90% or more, more preferably 93% or
more, and still more preferably 95% or more.

[0187] In addition to the components described above, a
refining agent, a vitrification enhancing component, a refrac-
tive index adjusting component, a wavelength converting
component or the like may be added in small amounts within
the range not impairing necessary glass characteristics. Spe-
cifically, the refining agents include Sb,0; and SnO,, the
vitrification enhancing components include GeO,, Ga,O,
and In,O;, the refractive index adjusting components include
7r0,,Y,0;, La,0;5, Gd,0; and Yb,0;, and the wavelength
converting components include rare-earth components such
as CeO,, Eu,0; and Er,0;, and the like.
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[0188] The scattering layer containing B,O; and La,O; as
essential components and one or more components of Nb,Os,
7Zr0,, Ta,04 and WO, is preferably a glass within the com-
position range of: 20 to 60% of B,O;, 0 to 20% of SiO,, 0 to
20% of Li,0, 0 to 10% of Na,0, 0 to 10% of K,O, 5 to 50%
of ZnO, 5 to 25% of La, 0, 0 to 25% of Gd,O;, 0 to 20% of
Y,0;, 0 to 20% of Yb,O;, provided that La,0;+Gd,O5+
Y,05+Yb,0; is from 5 to 30%, 0 to 15% of ZrO,, 0 to 20%
of Ta,Og, 0 to 20% of Nb,Oj, 0 to 20% of WO,, 0to 20% of
Bi,0; and 0 to 20% of BaO, in terms of mol %.

[0189] Effects of the respective components are as follows
in terms of mol %.

[0190] B,O; is a network forming oxide, and an essential
component in this glass system. When the content is too
small, glass formation is not performed, or resistance to devit-
rification of the glass decreases. Accordingly, it is contained
preferably in an amount of 20% or more, and more preferably
in an amount of 25% or more. On the other hand, when the
content is too large, the refractive index decreases, and fur-
ther, resistance decreases. Accordingly, the content is
restricted to 60% or less, and more preferably, it is 55% or
less.

[0191] SiO, is acomponent improving stability of the glass
when added into the glass of this system. However, when the
amount introduced is too large, the refractive index decreases,
and the glass transition temperature increases. For this rea-
son, the content is preferably 20% or less, and more prefer-
ably 18% or less.

[0192] Li,O is a component decreasing the glass transition
temperature. However, when the amount introduced is too
large, resistance to devitrification of the glass decreases. For
this reason, the content is preferably 20% or less, and more
preferably 18% or less.

[0193] Na,O and K,O improve solubility. However, intro-
duction thereof causes a decrease in resistance to devitrifica-
tion and a decrease in the refractive index. Accordingly, each
content is preferably 10% or less, and more preferably 8% or
less.

[0194] ZnO is an essential component improving the
refractive index of the glass and decreasing the glass transi-
tion temperature. For this reason, the amount introduced is
preferably 5% or more, and more preferably 7% or more. On
the other hand, when the amount added is too large, resistance
to devitrification decreases to result in failure to obtain the
homogeneous glass. Accordingly, it is preferably 50% or less,
and more preferably 45% or less.

[0195] La,O, is an essential component achieving a high
refractive index and improving weather resistance when
introduced into the B,O; system glass. For this reason, the
amount introduced is preferably 5% or more, and more pref-
erably 7% or more. On the other hand, when the additive
amount is too large, the glass transition temperature
increases, or resistance to devitrification of the glass
decreases, resulting in failure to obtain the homogeneous
glass. Accordingly, the content is preferably 25% or less, and
more preferably 22% or less.

[0196] Gd,O, is a component achieving a high refractive
index, improving weather resistance when introduced into the
B,O; system glass and improving stability of the glass by
coexistence with La,0;. However, when the amount intro-
duced is too large, stability of the glass decreases. Accord-
ingly, the content thereof is preferably 25% or less, and more
preferably 22% or less.
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[0197] Y,O; and Yb,O; are components achieving a high
refractive index, improving weather resistance when intro-
duced into the B,O; system glass and improving stability of
the glass by coexistence with La,O,. However, when the
amount introduced is too large, stability of the glass
decreases. Accordingly, the contents are each preferably 20%
or less, and more preferably 18% or less.

[0198] The rare-earth oxides such as La,O;, Gd,0; Y0,
and Yb,O; are components essential for achieving a high
refractive index and improving weather resistance of the
glass. Accordingly, the total amount of these components,
La,0;+Gd,05+Y,05+Yb,0;, is preferably 5% or more, and
more preferably 8% or more. However, when the amount
introduced is too large, resistance to devitrification of the
glass decreases to result in failure to obtain the homogeneous
glass. Accordingly, it is preferably 30% or less, and more
preferably 25% or less.

[0199] ZrO, is a component for improving the refractive
index. However, when the content is too large, resistance to
devitrification decreases, or the liquid-phase temperature is
excessively increased. Accordingly, the content is preferably
15% or less, and more preferably 10% or less.

[0200] Ta,Os is a component for improving the refractive
index. However, when the content is too large, resistance to
devitrification decreases, or the liquid-phase temperature is
excessively increased. Accordingly, the content is preferably
20% or less, and more preferably 15% or less.

[0201] Nb,Os is a component for improving the refractive
index. However, when the content is too large, resistance to
devitrification decreases, or the liquid-phase temperature is
excessively increased. Accordingly, the content is preferably
20% or less, and more preferably 15% or less.

[0202] WO, is a component for improving the refractive
index. However, when the content is too large, resistance to
devitrification decreases, or the liquid-phase temperature is
excessively increased. Accordingly, the content is preferably
20% or less, and more preferably 15% or less.

[0203] Bi,O; is a component for improving the refractive
index. However, when the content is too large, resistance to
devitrification decreases, or coloring occurs in the glass to
cause a decrease in the refractive index, resulting in a
decrease in extraction efficiency. Accordingly, the content is
preferably 20% or less, and more preferably 15% or less.

[0204] BaO is a component for improving the refractive
index. However, when the content is too large, resistance to
devitrification decreases. Accordingly, it is preferably 20% or
less, and more preferably 15% or less.

[0205] Inorderto conform to the object of the invention, the
total amount of the above-mentioned components is desirably
90% or more, and more preferably 95% or more. Even a
component other than the above-mentioned components, it
may be added for the purposes of refining or an improvement
of'solubility, as long as it does not deviate from the efficiency
of the present invention Such components include, for
example, Sb,0O;, SnO,, MgO, Ca0O, SrO, GeO,, Ga,0;,
In,0; and fluorine.

[0206] The scattering layer containing Si0O, as an (essential
component and one or more components of Nb,Oj, TiO, and
Bi,0; is preferably a glass within the composition range of:
20 to 50% of Si0,, 0 to 20 of B,O;, 1 to 20% of Nb,Os, 1 to
20% of TiO,, 0 to 15% of Bi, 05, 0to 15% of ZrO,, provided
that Nb,O5+Ti0,+Bi,0,+Zr0, is from 5 to 40%, 0 to 40% of
Li,0, 0 to 30% of Na,O, 0 to 30% of K,O, provided that
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Li,0+Na,0+K,0 is from 1 to 40%, 0 to 20% of MgO, 0 to
20% of CaO, 0 to 20% of SrO, 0 to 20% of BaO and 0 to 20%
of ZnO, in terms of mol %.

[0207] SiO, is an essential component acting as a network
former for forming the glass. When the content thereof is too
small, no glass is formed. Accordingly, itis preferably 20% or
more, and more preferably 22% or more.

[0208] B,O; is added in relatively small amounts with
Si0,, thereby assisting glass formation and decreasing devit-
rification. However, when the content is too large, the refrac-
tive index decreases. Accordingly, the content thereof is pref-
erably 20% or less, and more preferably 18% or less.

[0209] Nb,O; is an essential component for improving the
refractive index, and the content thereof is preferably 1% or
more, and more preferably 3% or more. However, excessive
addition thereof causes a decrease in resistance to devitrifi-
cation of the glass to result in failure to obtain the homoge-
neous glass. Accordingly, the content thereof is desirably
20% or less, and more preferably 18% or less.

[0210] TiO, is an essential component for improving the
refractive index, and the content thereof is preferably 1% or
more, and more preferably 3% or more. However, excessive
addition thereof causes a decrease in resistance to devitrifi-
cation of the glass to result in failure to obtain the homoge-
neous glass and causes coloring to increase a loss due to
absorption at the time when light propagates in the scattering
layer. For this reason, the content thereof is desirably 20% or
less, and more preferably 18% or less.

[0211] Bi,0; is an component for improving the refractive
index. However, excessive addition thereof causes a decrease
in resistance to devitrification of the glass to result in failure
to obtain the homogeneous glass and causes coloring to
increase a loss due to absorption at the time when light propa-
gates in the scattering layer. For this reason, the content
thereof is desirably 15% or less, and more preferably 12% or
less.

[0212] ZrO,is acomponent improving the refractive index
without deteriorating the degree of coloring. However, when
the content is too large, resistance to devitrification of the
glass decreases to result in failure to obtain the homogeneous
glass. For this reason, the content is preferably 15%, or less,
and more preferably 10% or less.

[0213] In order to obtain the high refractive index glass,
Nb,O5+Ti0,+Bi1,0,+7r0, is preferably 5% or more, and
more preferably 8% or more. On the other hand, when this
total amount is too large, resistance to devitrification of the
glass decreases, or coloring occurs. Accordingly, it is prefer-
ably 40% or less, and more preferably 38% or less.

[0214] Li,0, Na,O and K,O are components improving
solubility, decreasing the glass transition temperature and
enhancing affinity with the glass substrate. For this reason,
the total amount of these components, Li,O+Na,O+K,O, is
preferably 1% or more, and more preferably 3% or more. On
the other hand, when the content of the alkali oxide compo-
nent is too large, resistance to devitrification of the glass
decreases to result in failure to obtain the homogeneous glass.
Accordingly, the content thereof is preferably 40% or less,
and more preferably 35% or less.

[0215] BaO is a component improving the refractive index
and improving solubility at the same time. However, when it
is excessively contained, stability of the glass is impaired to
result in failure to obtain the homogeneous glass. Accord-
ingly, the content thereof is preferably 20% or less, and more
preferably 15% or less.
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[0216] MgO, CaO, SrO and ZnO are components improv-
ing solubility of the glass, and moderate addition thereof can
decrease resistance to devitrification of the glass. However,
when they are excessively contained, devitrification increases
to result in failure to obtain the homogeneous glass. Accord-
ingly, the contents thereof are each preferably 20% or less,
and more preferably 15% or less.

[0217] Inorderto conform to the object of the invention, the
total amount of the above-mentioned components is desirably
90% or more. Further, even a component other than the
above-mentioned components may be added for the purposes
of refining, an improvement of solubility and the like within
the range not impairing the advantages of the invention. Such
components include, for example, Sb,0;, SnO,, GeO,,
Ga,05, In,05, WO;, Ta, 05, La,05, Gd,05,Y,0; and Yb, 0.
[0218] The scattering layer containing Bi,O; as a main
component and SiO,, B,O; and the like as glass forming
auxiliaries is preferably a glass within the composition range
of: 10 to 50% of Bi,0O;, 1 to 40 of B,0O;, 0to 30% of SiO,,
provided that B,0;+Si0, is from 10 to 40%, 0 to 20% of
P,0s, 010 15% of Li, 0, 0 to 15% of Na, O, 0 to 15% of K, O,
0 to 20% of TiO,, 0 to 20% of Nb,Os, 0 to 20% of TeO,, 0 to
10% of MgO, 0 to 10% of CaO, 0 to 10% of SrO, 0 to 10% of
BaO, 0 to 10% of GeO, and 0 to 10% of Ga,0;, in terms of
mol %.

[0219] Effects of the respective components are as follows
in terms of mol %.

[0220] Bi,O; is an essential component achieving a high
refractive index and stably forming the glass even when intro-
duced in large amounts. For this reason, the content thereof'is
preferably 10% or more, and more preferably 15% or more.
On the other hand, excessive addition thereof causes coloring
in the glass to absorb light which should originally transmit,
resulting in a decrease in extraction efficiency. In addition to
this, devitrification increases to result in failure to obtain the
homogeneous glass. Accordingly, the content thereof is pref-
erably 50% or less, and more preferably 45% or less.

[0221] B,O, is an essential component acting as a network
former in the glass containing Bi,O; in large amounts to assist
glass formation, and the content thereof is preferably 1% or
more, and more preferably 3% or more. However, when the
amount added is too large, the refractive index of the glass
decreases. Accordingly, it is preferably 40% or less, and more
preferably 38% or less.

[0222] SiO, is a component acting to assist Bi,O; in glass
formation as a network former. However, when the content is
too large, the refractive index decreases. Accordingly, it is
preferably 30% or less, and more preferably 25% or less.
[0223] B,O; and SiO, improve glass formation by a com-
bination thereof, so that the total amount thereof is preferably
5% or more, and more preferably 10% or more. On the other
hand, when the amount introduced is too large, the refractive
index decreases. Accordingly, itis preferably 40% or less, and
more preferably 38% or less.

[0224] P,O; is a component assisting glass formation and
inhibiting deterioration of the degree of coloring. However,
when the content is too large, the refractive index decreases.
Accordingly, it is preferably 20% or less, and more preferably
18% or less.

[0225] Li,0,Na,O and K,O are components for improving
glass solubility and further decreasing the glass transition
temperature. However, when they are excessively contained,
devitrification increases to result in failure to obtain the
homogeneous glass. Accordingly, the contents thereof are
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each preferably 15% or less, and more preferably 13% or less.
Further, when the total amount of the above alkali oxide
components, Li,0+Na,0+K,0, is too large, the refractive
index decreases, and further, resistance to devitrification
decreases. Accordingly, it is preferably 30% or less, and more
preferably 25% or less.

[0226] TiO, is a component improving the refractive index.
However, when the content is too large, coloring occurs, or
resistance to devitrification decreases, resulting in failure to
obtain the homogeneous glass. Accordingly, the content is
preferably 20% or less, and more preferably 18% or less.
[0227] Nb,Os is a component improving the refractive
index. However, when the amount introduced is too large,
resistance to devitrification of the glass decreases to result in
failure to obtain the homogeneous glass. For this reason, the
content is preferably 20% or less, and more preferably 18% or
less.

[0228] TeO, is acomponent improving the refractive index
without deteriorating the degree of coloring. However, exces-
sive introduction thereof results in a decrease in resistance to
devitrification, which causes coloring at the time when fired
after fritting. Accordingly, the content thereof is preferably
20% or less, and more preferably 15% or less.

[0229] GeO, is a component improving stability of the
glass while keeping the refractive index relatively high. How-
ever, it is extremely expensive, so that the content is prefer-
ably 10% or less, and more preferably 8% or less. It is still
more preferred not to contain it.

[0230] Ge,O; is a component improving stability of the
glass while keeping the refractive index relatively high. How-
ever, it is extremely expensive, so that the content is prefer-
ably 10% or less, and more preferably 8% or less. It is still
more preferred not to contain it.

[0231] Inorderto conform tothe object of the invention, the
total amount of the above-mentioned components is desirably
90% or more, and more preferably 95% or more. Even a
component other than the above-mentioned components may
be added for the purposes of refining, an improvement of
solubility, adjustment of the refractive index, and the like
within the range not impairing the advantages of the inven-
tion. Such components include, for example, Sb,O;, SnO,,
In,0;, Zr0,, Ta,O5, WO;, La, 05, Gd,04,Y,0;,Yb,0; and
Al O,.

[0232] The glass composition for forming the scattering
layer is not particularly limited, as long as desired scattering
characteristics are obtained and it can be frit-pasted and fired.
However, in order to maximize the extraction efficiency,
examples thereof include a system containing P,O, and one
or more components of Nb,Os, Bi,O;, TiO, and WO;; a
system containing B,O; and La,Oj; as essential components
and one or more components of Nb,Os, ZrO,, Ta,O5 and
WO;; a system containing SiO, as an essential component
and one or more components of Nb,O; and TiO,; a system
containing Bi,0; as a main component and SiO,, B,O; and
the like as glass forming auxiliaries, and the like. Incidentally,
in all glass systems used as the scattering layer in the inven-
tion, As,O;, PbO, CdO, ThO, and HgO which are compo-
nents having adverse effects on the environment should not be
contained, except for the case of inevitable contamination
therewith as impurities derived from raw materials.

[0233] Inthecomposition containing P,O5 and one or more
components of Nb,Os, Bi,0;, TiO, and WOj;, a glass within
the following composition range is preferred. Incidentally,
the following composition is represented by mol %.
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[0234] 2. Resin

[0235] The resin supports the glass powder and the filler
after screen printing. As a specific example, there is used ethyl
cellulose, nitrocellulose, an acrylic resin, vinyl acetate resin,
a butyral resin, a melamine resin, an alkyd resin, a rosin resin
or the like. Used as base resins are ethyl cellulose and nitro-
cellulose. Incidentally, a butyral resin, a melamine resin, an
alkyd resin and a rosin resin are used as additives for improv-
ing coated film strength. The debinderizing temperature at the
time of firing is from 350° C. to 400° C. for ethyl cellulose,
and from 200° C. to 300° C. for nitrocellulose.

[0236] 3. Solvent

[0237] The solvent dissolves the resin and adjusts the vis-
cosity necessary for printing. Further, it does not dry during
printing, and rapidly dries in a drying process. One having a
boiling point of 200° C. to 230° C. is desirable. For adjust-
ment of the viscosity, the solid content ratio and the drying
rate, a mixture of some solvents is used. Specific examples
include ether type solvents (butyl carbitol (BC), butyl carbitol
acetate (BCA), diethylene glycol di-n-butyl ether, dipropy-
lene glycol dibutyl ether, tripropylene glycol butyl ether and
butyl cellosolve acetate), alcohol type solvents (a-terpineol,
pine oil and Dowanol), ester type solvents (2,2,4-trimethyl-
1,3-pentanediol monoisobutyrate) and phthalic acid ester
type solvents (DBP (dibutyl phthalate), DMP (dimethyl
phthalate) and DOP (dioctyl phthalate)). Mainly used are
a-terpineol and 2,2.4-trimethyl-1,3-pentanediol monoisobu-
tyrate. Incidentally, DBP (dibutyl phthalate), DMP (dimethyl
phthalate) and DOP (dioctyl phthalate) also function as a
plasticizer.

[0238] 4. Others

[0239] A surfactant may be used for viscosity adjustment
and frit dispersion promotion. A silane coupling agent may be
used for frit surface modification.

[0240] Preparation Method of Frit Paste
[0241] (1) Frit Paste
[0242] A glass powder and a vehicle are prepared. The

vehicle as used herein means a mixture of a resin, a solvent
and a surfactant. Specifically, it is obtained by putting the
resin, the surfactant and the like in the solvent heated at 50° C.
to 80° C., and then, allowing the resulting mixture to stand for
about 4 hours to about 12 hours, followed by filtering.
[0243] Then, the glass powder and the vehicle are mixed by
a planetary mixer, and then, uniformly dispersed by a three-
roll mill. Thereafter, the resulting mixture is kneaded by a
kneader. Usually, the vehicle is used in an amount of 20 to 30
wt % based on 70 to 80 wt % of the glass material.

[0244] As the glass powder used herein, one having a par-
ticle size D, of 0.2 pm or more and Dy, of 5 um or less is
desirably used. When Dy, of the particle size exceeds 5 pm,
the value to the film thickness of the scattering layer increases
to result in a tendency to decrease film thickness uniformity.
On the other hand, when D, , of the particle size is less than
0.2 um, the interface existence ratio increases, which poses a
problem that crystals are easily precipitated to cause easy
devitrification.

[0245] (2) Printing

[0246] The frit paste prepared in (1) is printed by using a
screen printer. The film thickness of a frit paste film formed
can be controlled by the mesh roughness of a screen plate, the
thickness of an emulsion, the pressing force in printing, the
squeegee pressing amount and the like. After printing, drying
is performed in a firing furnace.
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[0247] (3) Firing

[0248] A substrate printed and dried is fired in the firing
furnace. The firing comprises debinderizing treatment for
decomposing the resin in the frit paste and allowing it to
disappear and firing treatment for sintering and softening the
glass powder. The debinderizing temperature is from 350° C.
t0 400° C. for ethyl cellulose, and from 200° C. to 300° C. for
nitrocellulose. Heating is carried out in the atmosphere for 30
minute to 1 hour. Then, the temperature is raised to sinter and
soften the glass. The firing temperature is from the softening
temperature to the softening temperature +20° C., and the
shape and size of pores remaining in the inside vary depend-
ing on the treatment temperature. Then, cooling is carried out
to form a glass layer on the substrate. Although the thickness
of the film obtained is from 5 pm to 30 um, a thicker glass
layer can be formed by lamination printing.

[0249] Incidentally, when a doctor blade printing method
or a die coat printing method is used in the above-mentioned
printing process, it becomes possible to form a thicker film
(green sheet printing). A film is formed on a PET film or the
like, and dried, thereby forming a green sheet. Then, the green
sheet is heat pressed on the substrate by aroller or the like, and
a fired film is obtained through a firing procedure similar to
that of the frit paste. The thickness of the resulting film is from
50 um to 400 pm. However, it is possible to form a thicker
glass film by using the green sheets laminated.

[0250] Density of Scattering Material in Scattering Layer
and Size of Scattering Material

[0251] FIG. 11 is a graph showing the relationship between
the light-extraction efficiency (%) and the content (vol %) of
a scattering material. In the following, for simplicity, calcu-
lation was made dividing the organic layer and the translucent
electrode into three parts, the electron-injection-transport
layer and the light-emitting layer, the hole-injection-transport
layer, and the translucent electrode. Here, in the above-men-
tioned graph, calculation was made for the election-injection-
transport layer (thickness: 1 um, refractive index: 1.9), the
light-emitting layer (thickness: 1 pm, refractive index: 1.9),
the hole-injection-transport layer (thickness: 1 um, refractive
index: 1.9), the scattering layer (thickness: 30 pum, the refrac-
tive index of the base material: 1.9, the refractive index of the
scattering material: 1.0), the translucent electrode (thickness:
100 pm, refractive index: 1.54) and the light flux 1,000 Im
divided into 100,000 rays (wavelength: 550 nm). As shown in
the graph, the content of the scattering material in the scat-
tering layer is preferably 1 vol % or more. Although the
behavior varies depending on the size of the scattering mate-
rial, when the content of the scattering material in the scat-
tering layer is 1 vol %, the light-extraction efficiency can be
40% or more. Further, when the content of the scattering
material in the scattering layer is 5 vol % or more, the light-
extraction efficiency can be 65% or more. This is therefore
more preferred. Furthermore, when the content of the scat-
tering material in the scattering layer is 10 vol % or more, the
light-extraction efficiency can be improved to 70% or more.
This is therefore still more preferred. In addition, when the
content of the scattering material in the scattering layer is
approximately 15 vol %, the light-extraction efficiency can be
improved to 80% or more. This is therefore particularly pre-
ferred. Incidentally, in view of mass production of the scat-
tering layers, the content is preferably from 10 vol % to 15 vol
% at which it is difficult to be affected by production varia-
tions.
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[0252] Incidentally, the graph also shows the relationship
between the size of the scattering material and the light-
extraction efficiency. Specifically, in the case where the size
of the scattering material is 1 pum, the light-extraction effi-
ciency can be 70% or more, even when the content of the
scattering material is within the range of 1 vol % to 20 vol %.
In particular, when the content of the scattering material is
within the range of 2 vol % to 15 vol %, the light-extraction
efficiency can be 80% or more. Further, in the case where the
size of the scattering material is 2 um, the light-extraction
efficiency can be 65% or more, even when the content of the
scattering material is within the range of 1 vol % to 20 vol %.
In particular, when the content of the scattering material is 5
vol % or more, the light-extraction efficiency can be 80% or
more. Furthermore, in the case where the size of the scattering
material is 3 pum, the light-extraction efficiency can be 60% or
more, even when the content of the scattering material is
within the range of 1 vol % to 20 vol %. In particular, when the
content of the scattering material is 5 vol % or more, the
light-extraction efficiency can be 80% or more. In addition, in
the case where the size of the scattering material is 5 pm, the
light-extraction efficiency can be 50% or more, even when the
content of the scattering material is within the range of 1 vol
% 10 20vol %. In particular, when the content of the scattering
material is 10 vol % or more, the light-extraction efficiency
can be 80% or more. Further, in the case where the size of the
scattering material is 7 um, the light-extraction efficiency can
be 45% or more, even when the content of the scattering
material is within the range of 1 vol % to 20 vol %. In
particular, when the content of the scattering material is 10
vol % or more, the light-extraction efficiency can be 80% or
more. Furthermore, in the case where the size of the scattering
material is 10 um, the light-extraction efficiency can be 40%
or more, even when the content of the scattering material is
within the range of 1 vol % to 20 vol %. In particular, when the
content of the scattering material is 15 vol % or more, the
light-extraction efficiency can be 80% or more. The above
shows that when the size of the scattering material is large, the
efficiency is improved with an increase in the content. On the
other hand, it is seen that when the size of the scattering
material is small, the light-extraction efficiency is improved,
even in the case where the content is small.

[0253]

[0254] FIG. 12 is a graph showing the relationship between
the light-extraction efficiency (%) and the refractive index of
a scattering material. In the following, for simplicity, calcu-
lation was made dividing the organic layer and the translucent
electrode into three parts, the electron-injection-transport
layer and the light-emitting layer, the hole-injection-transport
layer, and the translucent electrode. Here, in the above-men-
tioned graph, calculation was made for the election-injection-
transport layer (thickness: 1 um, refractive index: 1.9), the
light-emitting layer (thickness: 1 pm, refractive index: 1.9),
the hole-injection-transport layer (thickness: 1 um, refractive
index: 1.9), the scattering layer (thickness: 30 pum, the refrac-
tive index of the base material: 2.0, the size of the scattering
material: 2 um, the number of the scattering materials: about
36,000,000, the content of the scattering material: 15 vol %),
the translucent electrode (thickness: 100 um, refractive index:
1.54) and the light flux 1,000 Im divided into 100,000 rays
(wavelength: 550 nm). As shown in the graph, when the
difference between refractive index (2.0) of the base material
and the refractive index of the scattering material is 0.2 or
more (the refractive index of the scattering material is 1.8 or

Refractive Index of Scattering Material
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less), the light-extraction efficiency can be 80% % or more.
This is therefore particularly preferred. Incidentally, even
when the difference between refractive index of the base
material and the refractive index of the scattering material is
0.1 (the refractive index of the scattering material is 1.9), the
light-extraction efficiency can be 65% or more.

[0255] Thickness of Scattering Layer

[0256] FIG.13 is a graph showing the relationship between
the light-extraction efficiency (%) and the content (vol %) of
a scattering, material. In the following, for simplicity, calcu-
lation was made dividing the organic layer and the translucent
electrode into three parts, the electron-injection-transport
layer and the light-emitting layer, the hole-injection-transport
layer, and the translucent electrode. Here, in the above-men-
tioned graph, calculation was made for the electron-injection-
transport layer (thickness: 1 um, refractive index: 1.9), the
light-emitting layer (thickness: 1 pm, refractive index: 1.9),
the hole-injection-transport layer (thickness: 1 um, refractive
index: 1.9), the scattering layer (the refractive index of the
base material: 2.0, the size of the scattering material: 2 um, the
refractive index of the scattering material: 1.0), the translu-
cent electrode (thickness: 100 pum, refractive index: 1.54) and
the light flux 1,000 Im divided into 100,000 rays (wavelength:
550 nm). As shown in the graph, in the case where the content
of the scattering material in the scattering layer is 1 vol % or
more, the light-extraction efficiency can be 55% or more,
even when the thickness of the scattering layer is 15 um or
less. This is therefore preferred. Further, in the case where the
content of the scattering material in the scattering layer is
from 5 vol % to 15 vol %, the light-extraction efficiency can
be 80% or more, even when the thickness of the scattering
layer is 15 pum or less, or 60 um or more. This is therefore
particularly preferred.

[0257] Number of Scattering Materials

[0258] FIG. 14 is a graph showing the relationship between
the light-extraction efficiency (%) and the number (number/
mm?) of scattering material (particles). In the following, for
simplicity, calculation was made dividing the organic layer
and the translucent electrode into three parts, the electron-
injection-transport layer and the light-emitting layer, the
hole-injection-transport layer, and the translucent electrode.
Here, in the above-mentioned graph, calculation was made
for the electron-injection-transport layer (thickness: 1 pm,
refractive index: 1.9), the light-emitting layer (thickness: 1
um, refractive index: 1.9), the hole-injection-transport layer
(thickness: 1 um, refractive index: 1.9), the scattering layer
(the refractive index of the base material: 2.0, the size of the
scattering material: 2 um, the refractive index of the scattering
material: 1.0), the translucent electrode (thickness: 100 um,
refractive index: 1.54) and the light flux 1,000 Im divided into
100,000 rays (wavelength: 550 nm). As shown in the graph, it
is seen that the light-extraction efficiency varies depending on
the number of the scattering materials, regardless of the thick-
ness of the scattering layer. As shown in the graph, when the
number of the scattering materials per 1 mm? of the scattering
layer is 1x10* or more, the light-extraction efficiency can be
55% or more. This is therefore preferred. Further, when the
number of the scattering materials per | mm? of the scattering
layeris 2.5x10° or more, the light-extraction efficiency can be
75% or more. This is therefore more preferred. Furthermore,
when the number of the scattering materials per 1 mm? of the
scattering layer is from 5x10° to 2x10°, the light-extraction
efficiency can be 80% or more. This is therefore particularly
preferred. Here, even when the size of the scattering material
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is 60 um or more and the number of the scattering materials is
3x109, the light-extraction efficiency can be 70% or more.
[0259] Transmittance of Base Material of Scattering Layer
[0260] FIG. 15 is a graph showing the relationship between
the light-extraction efficiency (%) and the transmittance at 1
mmt % of a base material of the scattering layer. In the
following, for simplicity, calculation was made dividing the
organic layer and the translucent electrode into three parts,
the electron-injection-transport layer and the light-emitting
layer, the hole-injection-transport layer, and the translucent
electrode. Here, in the above-mentioned graph, calculation
was made for the electron-injection-transport layer (thick-
ness: 1 pm, refractive index: 1.9), the light-emitting layer
(thickness: 1 um, refractive index: 1.9), the hole-injection-
transport layer (thickness: 1 um, refractive index: 1.9), the
scattering layer (thickness: 30 um, the refractive index of the
base material: 2.0, the size of the scattering material: 2 um, the
refractive index of the scattering material: 1.0, the number of
the scattering materials: about 36,000,000, the content of the
scattering material: 15 vol %), the translucent electrode
(thickness: 100 um, refractive index: 1.54) and the light flux
1,000 Im divided into 100,000 rays (wavelength: 550 nm). As
shown in the graph, even when the transmittance of the base
material of the scattering layer is 50%, the light-extraction
efficiency can be 55% or more. Further, when the transmit-
tance of the base material of the scattering layer is 90%, the
light-extraction efficiency can be 80% or more. When a glass
is used as the base material, the transmittance thereofis about
98%. Accordingly, the light-extraction efficiency can exceed
80%.

[0261] Reflectivity of Cathode

[0262] FIG. 16 is a graph showing the relationship between
the light-extraction efficiency (%) and the reflectivity (%) of
a cathode. In the following, for simplicity, calculation was
made dividing the organic layer and the translucent electrode
into three parts, the electron-injection-transport layer and the
light-emitting layer, the hole-injection-transport layer, and
the translucent electrode. Here, in the above-mentioned
graph, calculation was made for the electron-injection-trans-
port layer (thickness: 1 um, refractive index: 1.9), the light-
emitting layer (thickness: 1 um, refractive index: 1.9), the
hole-injection-transport layer (thickness: 1 um, refractive
index: 1.9), the scattering layer (thickness: 30 pum, the refrac-
tive index of the base material: 2.0, the size of the scattering
material: 2 um, the refractive index of the scattering material:
1.0, the number of the scattering materials: about 36,000,000,
the content of the scattering material: 15 vol %), the translu-
cent electrode (thickness: 100 pm, refractive index: 1.54) and
the light flux 1,000 Im divided into 100,000 rays (wavelength:
550 nm). As shown in the graph, when the reflectivity of the
cathode decreases, the light-extraction efficiency also
decreases. Here, the cathode reflectivity of ablue LED is from
80% to 90%, so that it is seen that the light-extraction effi-
ciency of 40% to 50% is obtained. Here, the reflectivity of the
organic LED element of patent document 1 is assumed to be
100%, and the light-extraction efficiency thereof is about
50%. On the other hand, when the reflectivity of the organic
LED element of the invention is taken as 100% and the same
conditions as in the reflectivity of the organic LED element of
patent document 1 are applied, the light-extraction efficiency
thereof exceeds 80%, as seen from the graph. Namely, it is
seen that the light-extraction efficiency, of the organic LED
element of the invention is 1.6 times better than the light-
extraction efficiency of the organic LED element of patent
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document 1. Accordingly, the organic LED of the invention
can be used as a light source for lighting in place of a fluo-
rescent lamp.

[0263] Refractive Indexes of Scattering Layer and Anode
[0264] FIG.17 is a graph showing the relationship between
the ratio of light outgoing to the scattering layer and the
refractive index of the base material of the scattering layer. In
the following, for simplicity, calculation was made dividing
the organic layer and the translucent electrode into three
parts, the electron-injection-transport layer and the light-
emitting layer, the hole-injection-transport layer, and the
translucent electrode. Here, in the above-mentioned graph,
calculation was made for the electron-injection-transport
layer (thickness: 1 um, refractive index: 1.9), the light-emit-
ting layer (thickness: 1 um, refractive index: 1.9), the hole-
injection-transport layer (thickness: 1 pm, refractive index:
1.9), the scattering layer (thickness: 30 pm, the size of the
scattering material: 2 um, the refractive index of the scattering
material: 1.0, the number of the scattering materials: about
36,000,000, the content of the scattering material: 15 vol %),
the translucent electrode (thickness: 100 pm, refractive index:
1.54) and the light flux 1,000 Im divided into 100,000 rays
(wavelength: 550 nm). As shown in the graph, when the
refractive index of an anode is larger than the refractive index
of the scattering layer, total reflection occurs on a surface of
the scattering layer to decrease the amount of light entering
the scattering layer. Accordingly, it is seen that the light-
extraction efficiency decreases. It is therefore preferred that
the refractive index of the scattering layer of the invention is
equivalent to or higher than the refractive index of the anode.
[0265] Relationship between Refractive Index of Base
Material of Scattering Layer and White Emitted Light Color
[0266] FIG. 18 is a graph showing the relationship between
the wavelength and the refractive index of the base material of
the scattering layer. FIG. 19 is the results showing the rela-
tionship between the wavelength and the illuminance of a
light receiving surface. Incidentally, FIG. 19 (a) is a spectral
diagram corresponding to Case 1 of FIG. 18, FIG.19 (b)is a
spectral diagram corresponding to Case 2 of FIG. 18, FIG. 19
(c) is a spectral diagram corresponding to Case 3 of FIG. 18,
and FIG. 19 (d) is a spectral diagram corresponding to Case 4
of FIG. 18. In the following, for simplicity, calculation was
made dividing the organic layer and the translucent electrode
into three parts, the electron-injection-transport layer and the
light-emitting layer, the hole-injection-transport layer, and
the translucent electrode. Here, in the above-mentioned
graphs, calculation was made for the electron-injection-trans-
port layer (thickness: 1 um, refractive index: 1.9), the light-
emitting layer (thickness: 1 um, refractive index: 1.9), the
hole-injection-transport layer (thickness: 1 um, refractive
index: 1.9), the scattering layer (thickness: 30 pum, the refrac-
tive index of the base material, the size of the scattering
material: 2 um, the refractive index of the scattering material:
1.0, the number of the scattering materials: about 36,000,000,
the content of the scattering material: 15 vol %), the translu-
cent electrode (thickness: 100 pum, refractive index: 1.54) and
the light flux 1,000 Im divided into 100,000 rays. Incidentally,
the refractive index of the translucent electrode was taken as
1.9. As shown in FIG. 19, when the refractive index of the
base material of the scattering layer is lower than the refrac-
tive indexes of the organic layer and the translucent electrode,
it is seen that the extraction efficiency at that wavelength
decreases to result in changes in color. To describe it con-
cretely, as known from FIG. 19 (¢), in the case where the
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wavelength is 550 nm or more, it is seen that the light-emit-
ting efficiency decreases when the refractive index becomes
1.9 or less. Namely, redness of the organic LED element
deteriorates. In this case, it becomes necessary to form the
element in which redness is strengthened.

[0267] Measuring Methods of Refractive Index of Scatter-
ing Layer
[0268] There are the following two methods for measuring

the refractive index of the scattering layer. One is a method of
analyzing composition of the scattering layer, thereafter pre-
paring a glass having the same composition, and evaluating
the refractive index by a prism method. The other is a method
of polishing the scattering layer as thin as 1 to 2 um, and
performing ellipsometry measurement in a region of about 10
um in diameter having no pores to evaluate the refractive
index. Incidentally, in the invention, it is assumed that the
refractive index is evaluated by the prism method.

[0269]

[0270] The scattering layer has a main surface on which the
translucent electrode is provided. As described above, the
scattering layer of the invention contains the scattering mate-
rial. As described above, when the size of the scattering
material is large, even the smaller content thereof can improve
the light-extraction efficiency. However, according to experi-
ments of the inventors, there is a tendency that the larger the
size is, the larger the arithmetic average roughness (Ra) of the
main surface of the scattering layer becomes, when projected
from the main surface of the scattering layer. As described
above, the translucent electrode is provided on the main sur-
face of the scattering layer. Accordingly, there is a problem
that the larger arithmetic average roughness (Ra) of the main
surface of the scattering layer causes a short circuit between
the translucent electrode and the scattering layer, resulting in
no light emission of the organic ELL element. The above-
mentioned patent document 1 discloses, in paragraph 0010,
that the unevenness formed on the substrate poses a problem
even when it is about several microns. However, according to
experiments by the inventors, it has been proved that light
emission of the organic EL element is not obtained in the case
of several microns.

[0271]

[0272] The translucent electrode (anode) 103 is required to
have a translucency of 80% or more, in order to extract the
light generated in the organic layer 110 to the outside. Further,
in order to inject many holes, one having a high work function
is required. Specifically, there is used a material such as I[TO
(indium tin oxide), SnO,, ZnO, 1Z0 (indium zinc oxide),
AZO (ZnO—AlL,O;: a zinc oxide doped with aluminum),
GZO (ZnO—Ga,0,: a zinc oxide doped with gallium), Nb-
doped TiO, or Ta-doped TiO,. The thickness of the anode 103
is preferably 100 nm or more. Incidentally, the refractive
index of the anode 103 is from 1.9 to 2.2. Here, an increase in
carrier concentration can decrease the refractive index of
ITO. ITO is commercially available as a standard containing
10 wt % of SnO,. The refractive index of ITO can be
decreased by increasing the Sn concentration more than this.
However, although the carrier concentration is increased by
an increase in the Sn concentration, the mobility and trans-
mittance are decreased. It is therefore necessary to determine
the Sn amount, achieving a balance of these. Incidentally, it
goes without saying that the translucent electrode may be
used as the cathode.

Surface Roughness of Scattering Layer

Translucent Electrode
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[0273] Organic Layer (Layer Having Light-Emitting Func-
tion)
[0274] The organic layer 110 is a layer having a light-

emitting function and comprises a hole-injection layer 111,
hole-transport layer 112, a light-emitting layer 113, an elec-
tron-transport layer 114 and an electron-injection layer 115.
The refractive index of the organic layer 110 is from 1.7 to
1.8.

[0275] Hole-Injection Layer

[0276] As the hole-injection layer 111, one whose ioniza-
tion potential is not so different from the anode 103 is
required, in order to lower a hole-injection barrier. An
improvement of charge-injection efficiency from an electrode
interface in the hole-injection layer 111 decreases the driving
voltage of the element and increases charge-injection effi-
ciency thereof. There is widely used polyethylenediox-
ythiophene doped with polystyrene sulfonic acid (PSS) (PE-
DOT:PSS), as a polymer, and copper phthalocyanine (CuPc)
of the phthalocyanine family as a low-molecular substance.
[0277] Hole-Transport Layer

[0278] Thehole-transportlayer 112 plays arole to transport
holes injected from the hole-injection layer 111 to the light-
emitting layer 133. As the hole-transport layer 112, there is
used, specifically, a triphenylamine derivative, N,N'-bis(1-
naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine (NPD),
N,N'-diphenyl-N,N'-bis|N-phenyl-N-(2-naphthyl)-4'-ami-
nobiphenyl-4-yl]-1,1'-biphenyl-4,4'-diamine (NPTE), 1,1-
bis[(di-4-tolylamino)phenyl]cyclohexane (HTM2), N,N'-
diphenyl-N,N'-bis(3-methylphenyl)-1,1'-diphenyl-4,4'-
diamine (TPD) or the like. The thickness of the hole-transport
layer 112 is preferably from 10 nm to 150 nm. The thinner the
thickness is, the lower the voltage can be. However, it is
particularly preferably from 10 nm to 150 nm, in terms of a
problem of the interelectrode short circuit.

[0279] Light-Emitting Layer

[0280] The light-emitting layer provides a field in which
injected electrons and holes recombine with each other, and a
material having high light-emitting efficiency is used. To
describe it in detail, a light-emitting host material and a dop-
ing material of a light-emitting dye used in the light-emitting
layer 113 function as recombination centers of the holes and
the electrons injected from the anode and the cathode. Fur-
ther, doping of the host material in the light-emitting layer
with the light-emitting dye provides high light emitting effi-
ciency, and converts the light-emitting wavelength. These are
required to have a suitable energy level for charge injection, to
be excellent in chemical stability and heat resistance, and to
form a homogeneous amorphous film. Further, these are
required to be excellent in the kind of emission color and
color purity, and to have high light-emitting efficiency. The
organic light-emitting materials includes low-molecular and
polymer materials. Further, they are classified into fluores-
cent and phosphorescent materials according to the light-
emitting mechanism. Specifically, the light-emitting layer
113 includes metal complexes of quinoline derivatives such
as a tris(8-quinolinolate)aluminum complex (Algs), bis(8-
hydroxy)quinaldine aluminum phenoxide (Alq',OPh), bis(8-
hydroxy)quinaldine  aluminum  2.5-dimethylphenoxide
(BAlg), a mono(2,2,6,6-tetra-methyl-3,5-heptanedionate)
lithium complex (Liq), a mono(8-quinolinolate)sodium com-
plex (Naq), a mono(2,2,6,6-tetramethyl-3,5-heptanedionate)
lithium  complex, a  mono(2,2,6,6-tetramethyl-3,5-
heptanedionate)sodium complex and a bis(8-quinolinolate)
calcium complex (Caq,), and fluorescent substances such as
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tetraphenylbutadiene, phenylquinacridone (QD), anthracene,
perylene and coronene. As the host material, preferred is a
quinolinolate complex, and particularly preferred is an alu-
minum complex having 8-quinolinol or a derivative thereof as
a ligand.

[0281] Electron-Transport Layer

[0282] The electron-transport layer 114 plays a role to
transport holes injected from the electrode. As the electron-
transport layer 114, there is used, specifically, a quinolinol
aluminum complex (Alq;), an oxadiazole derivative (for
example, 2,5-bis(1-naphthyl)-1,3,4-oxadiazole (BND), 2-(4-
t-butyl-phenyl)-5-(4-biphenyl)-1,3,4-oxadiazole (PBD) or
the like), a triazole derivative, a bathophenanthroline deriva-
tive, a silole derivative or the like.

[0283] Electron-Injection Layer

[0284] As the electron-injection layer 115, one which
increases electron injection efficiency is required. Specifi-
cally, a layer doped with an alkali metal such as lithium (Li)
or cesium (Cs) is provided on a cathode interface, as the
electron-injection layer 115.

[0285] Reflective Electrode

[0286] As the reflective electrode (cathode) 120, a metal
having a small work function or an alloy thereof may be used.
Specifically, examples of the cathode 120 include an alkali
metal, an alkaline earth metal, a metal of group 3 in the
periodic table. Of these, Aluminum (Al), magnesium (Mg),
an alloy thereof or the like is preferably used. Further, as a
cathode 120, a co-vapor-deposited film of Al and MgAg, a
laminated electrode in which Al is vapor-deposited on a thin
vapor-deposited film of LiF or Li,0, or the like may be used.
Further, in system using a polymer, a laminate of calcium
(Ca) or barium (Ba) and aluminum (Al), or the like may be
used as the cathode 120.

[0287] Incidentally, it goes without saying that the reflec-
tive electrode may be used as the anode.

[0288] Process for Producing Translucent Electrode-At-
tached Translucent Substrate (Laminate for Organic LED
Element)

[0289] The process for producing the translucent electrode-
attached translucent substrate of the invention will be
described below with reference to the drawing. FIG. 20 is a
flow chart showing a process for producing the translucent
electrode-attached translucent substrate of the invention. The
process for producing the translucent electrode-attached
translucent substrate of the invention comprises the step of
preparing a translucent substrate (step 1100), the step of
forming on the translucent substrate a scattering layer com-
prising a base material having a first refractive index at a
wavelength of emitted light of an organic LED element and a
plurality of scattering materials provided in the inside of the
base material and having a refractive index different from that
of'the base material (step 1110), and the step of forming on the
scattering layer a translucent electrode having a second
refractive index equal to or lower than the first refractive
index (step 1120).

[0290] First, the translucent substrate is prepared (step
1100). Specifically, a glass substrate or a plastic substrate is
used herein as the translucent substrate.

[0291] Then, there is prepared the scattering layer compris-
ing the base material having a first refractive index at a wave-
length of emitted light of the organic LED element and the
plurality of scattering materials provided inside the base
material and having a refractive index different from that of
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the base material. Then, the scattering layer prepared is
formed on the translucent substrate (step 1110).

[0292] Then, on the scattering layer, the translucent elec-
trode having a second refractive index equal to or lower than
the first refractive index (step 1120) is formed. To describe it
concretely, an ITO film is formed on the substrate, and the
ITO film is etched, thereby forming the translucent electrode.
The film formation of ITO can be uniformly performed over
the whole surface of the glass substrate by sputtering or vapor
deposition. An ITO pattern is formed by photolithography
and etching. This ITO pattern becomes the translucent elec-
trode (anode). A phenol novolak resin is used as a resist, and
exposure and development are conducted. The etching may
be either wet etching or dry etching. For example, patterning
of ITO can be performed by using a mixed aqueous solution
of'hydrochloric acid and nitric acid. As a resist remover, there
can be used, for example, monoethanolamine.

[0293] Process for Producing Organic LED Element
[0294] The process for producing the organic LED element
of'the invention will be described below by using the drawing.
FIG. 21 is a flow chart showing a process for producing the
organic LED element of the invention. The process for pro-
ducing the organic LED element of the invention comprises
the step of preparing a translucent substrate (step 1100), the
step of forming on the translucent substrate a scattering layer
comprising a base material having a first refractive index at a
wavelength of emitted light of an organic LED element and a
plurality of scattering materials provided in the inside of the
base material and having a refractive index different from that
of the base material (step 1110), the step of forming on the
scattering layer a translucent electrode having a second
refractive index equal to or lower than the first refractive
index (step 1120), the step of forming an organic layer on the
translucent electrode (step 1200) and the step of forming a
reflective electrode on the organic layer (step 1210).

[0295] After steps 1100 to 1120 have been performed, the
organic layer is formed on the translucent electrode (step
1200). The organic layer is formed herein by a combination of
a coating method and a vapor deposition method. For
example, when some one or more of the organic layers are
formed by the coating method, the other layers are formed by
the vapor deposition method. When the layer is formed by the
coating method and the upper layer is formed thereon by the
vapor deposition method, condensation, drying and curing
are performed before the organic layer is formed by the vapor
deposition method. Further, the organic layer may be formed
by only the coating method or only the vapor deposition
method.

[0296] Then, the reflective electrode is formed on the
organic layer (step 1210). To describe it concretely, a metal
material such as aluminum is vapor-deposited on the organic
layer, thereby forming the reflective electrode.

[0297] Next, there will be described the step of producing
an opposed substrate for sealing, in order to seal the organic
EL light-emitting element formed by the above-mentioned
steps. First, a glass substrate different from the element sub-
strate is prepared. This glass substrate is processed to form a
desiccant housing portion for housing a desiccant. The glass
substrate is coated with a resist, and a part of the substrate is
exposed by exposure and development to form the desiccant
housing portion. This exposed portion is made thin by etch-
ing, thereby forming the desiccant housing portion.

[0298] As shown in FIG. 22, the desiccant 1310 such as
calcium oxide is disposed in this desiccant housing portion
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1300, and then, two substrates are laminated and adhered to
each other. Incidentally, FIG. 22 is a cross-sectional view
schematically showing a constitution of an organic EL dis-
play device. Specifically, a seal material 1330 is applied to a
surface of the opposed substrate 1320 on which the desiccant
housing portion 1300 is provided, by using a dispenser. As the
seal material 1330, there can be used, for example, an epoxy-
based UV-curable resin. Further, the seal material 1330 is
applied to the whole periphery of a region facing to the
organic LED element. The two substrates are aligned,
allowed to face each other, and then, irradiated with UV light
to cure the seal material, thereby adhering the substrates to
each other. Thereafter, in order to more enhance the curing of
the seal material, for example, heat treatment is performed in
a clean oven of 80° C. for 1 hour. As a result of this, a space
between the substrates in which the organic EL element is
present is isolated from the outside of the substrates by the
seal material and the pair of substrates. Deterioration of the
organic EL element due to water and the like remaining in the
sealed space or entering therein can be prevented by dispos-
ing the desiccant 1310.

[0299] Light emission from the organic layer 110 is out-
gone in a direction of the arrow. An optical sheet 1340 is
attached to a surface of the substrate 101 opposite to a surface
on which the organic LED element is formed, namely, an
outgoing surface. The optical sheet 1340 has a polarizing
plate and a % wavelength plate, and functions as an antire-
flective film. The light from the organic thin film layer is
extracted to the side of the surface on which this optical sheet
1340 is provided.

[0300] Unnecessary portions in the vicinity of the periph-
ery of the substrates are cut and removed. A signal electrode
driver is connected to anode wiring 1350, and a scanning
electrode driver is connected to cathode connection wiring.
At an end portion of the substrate, a terminal portion con-
nected to each wiring is formed. An anisotropically-conduc-
tive film (ACF) is attached to this terminal portion, and a TCP
(tape carrier package) provided with a driving circuit is con-
nected thereto. Specifically, the ACF is temporarily pressed
on the terminal portion. Then, the TCP containing the driving
circuit is securely pressed on the terminal portion. The driving
circuit is mounted thereby. This organic EL display panel is
attached to a box to complete the organic EL display device.
Although the above shows the case of a dot matrix display
element, character display may be used. This is not limited to
the above-mentioned constitution depending on the element
specification.

Embodiment 2

Another Constitutional Example of Organic LED
Element

[0301] Then, constitutions of the electrode-attached trans-
lucent substrate (laminate for an organic LED element) and
the laminate for an organic LED element of embodiment 2 of
the invention will be described below with reference to the
drawings. Incidentally, the same reference numerals are given
to the same constituents as those in FIG. 1, and descriptions
thereof will be omitted. FIG. 23 is a cross-sectional view
showing other structures of the laminate for an organic LED
element and the laminate for an organic LED element of the
invention.

[0302] The other organic LED element of the invention is
constituted by an electrode-attached translucent substrate
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(laminate for an organic LED element) 1400, an organic layer
1410 and a reflective electrode 120. The electrode-attached
translucent substrate 1400 is constituted by a translucent sub-
strate 101, a scattering layer 1401 and a translucent electrode
103. The organic layer 1410 is constituted by a hole-injection-
transport layer 1411, a light-emitting layer 1412 and an elec-
tron-injection-transport layer 1413.

[0303] The light-emitting layer 113 of the organic LED
element of FIG. 1 is constituted by three layers herein. Any
one of the three layers is formed so as to emit light of any one
color of three light emission colors (red, green and blue).
However, the light-emitting layer 1412 of the organic LED
element of FIG. 23 can be constituted by one layer emitting
only blue light by using a fluorescent emission material (for
example, a filler) emitting red light and green light is the
plurality of scattering materials 1420 provided in the inside of
the scattering layer 1401. Namely, according to the other
constitution of the organic LED element of the invention, a
layer emitting light of any one color of red, green and blue can
be used as the light-emitting layer to achieve an effect that the
organic LED element can be downsized.

[0304] In the above-mentioned embodiments, descriptions
have been made for the constitution in which the organic layer
is sandwiched between the translucent electrode and the
reflective electrode. However, a bifacial light emission type
organic EL layer may be constituted by making both elec-
trodes translucent.

[0305] Further, the translucent electrode-attached translu-
cent substrate of the invention is effective to increase the
efficiency of optical devices such as various light-emitting
devices such as inorganic EL elements and liquid crystals and
light-receiving devices such as light quantity sensors and
solar pores, without being limited to the organic EL elements.

EXAMPLES
Experimental Proof of Effect of Scattering Layer

[0306] An experimental proof for showing that the scatter-
ing layer is effective for an improvement of the light-extrac-
tion efficiency will be described below. Sample 1 is an
example having the scattering layer of the invention, and
sample 2 is a comparative example having the scattering layer
in the inside of which no scattering material is provided. The
calculating method is the same as the calculating method of
the scattering layer described above. The respective condi-
tions and results (front extraction efficiency) are shown in
Table 2 below.

TABLE 2
Sample 1 Sample 2

Electron-Injection-Transport Layer
Thickness (um) 1 1
Refractive Index 1.9 1.9
Light-Emitting Layer
Thickness (um) 1 1
Refractive Index 1.9 1.9
Hole-Injection-Transport Layer
Thickness (um) 1 1
Refractive Index 1.9 1.9
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TABLE 2-continued

Sample 1 Sample 2
Scattering Layer
Base Material
Thickness (um) 30 30
Refractive Index 1.9 1.9
Transmittance (%) 100 100
Scattering Material
Size (um) 5 —
Refractive Index 1 —
Number of Particles (@ 1 mm?) 1527932.516 —
Content (vol %) 10 —
Transmittance (%) 100 —
Glass Substrate
Thickness (um) 100 —
Refractive Index 1.54 —
Light Flux
Number of Light Rays Extracted 811.1/1000 210.4/1000
from Front Face
Number of Light Rays Extracted 47.86/1000 125/1000
from Side Face
Front Extraction Efficiency (%) 81.11 21.04

[0307] The results of comparison of front extraction effi-
ciency between the example and the comparative example are
shown in FIG. 24. FIGS. 24 (a) and 24 (b) are graphs showing
the results of observation from the front under conditions of
samples 1 and 2, respectively. As shown in FIG. 24, according
to the electrode-attached translucent substrate (laminate for
an organic LED element) and the organic LED element of the
invention, it becomes possible to improve the light-extracting
efficiency which is about 20% when untreated to about 80%.
[0308] The contents and results of evaluation experiments
made for confirming that the electrode-attached translucent
substrate of the invention improves the outside extraction
efficiency will be described below with reference to the draw-
ings.

[0309] First, an evaluation element shown in FIG. 25 and
FIG. 26 was prepared. Here, FIG. 25 is a cross-sectional view
taken along line A-A as seen from the direction C in FIG. 26,
showing a structure of the evaluation element. FIG. 26 is a top
view of the evaluation element seen from the direction B in
FIG. 25. Incidentally, in FIG. 25, in order to clarify the posi-
tional relationship between a glass substrate 1610 and a scat-
tering layer 1620, only the glass substrate 1610 and the scat-
tering layer 1620 are described.

[0310] Theevaluation element has the glass substrate 1610,
the scattering layer 1620, an ITO (indium tin oxide) film
1630, an Alq; (tris(8-quinolinolate)aluminum complex) film
1640 and a Ag film 1650. In order to compare herein the
difference in light extraction efficiency by the presence or
absence of the scattering layer, the evaluation element was
divided into two parts, region 1600A having the scattering
layer and region 1600B having no scattering layer. In the
evaluation element in region 1600A having the scattering
layer, the scattering layer 1620 is formed on the glass sub-
strate 1610. In the evaluation element in region 1600B having
no scattering layer, the ITO film 1630 is formed on the glass
substrate 1610.

[0311] As the glass substrate, there was used a glass sub-
strate, PD200 (trade name) manufactured by Asahi Glass Co.,
Ltd. This glass has a strain point of 570° C. and a thermal
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expansion coefficient of 83x1077 (1/° C.). The glass substrate
having such a high strain point and a high thermal expansion
coefficient is suitable when a glass frit paste is fired to form
the scattering layer.

[0312] The scattering layer 1620 is formed by using a high
refractive index glass frit paste layer. Here, a glass having the
composition shown in Table 3 was prepared as the scattering
layer 1620. This glass has a glass transition temperature of
483° C., a yield point of 528° C. and a thermal expansion
coefficient of 83x1077 (1/° C.). The refractive index nF of this
glass atthe F line (486.13 nm) is 2.03558, the refractive index
nd at the d line (587.56 nm) is 1.99810, and the refractive
index nC at the C line (656.27 mn) is 1.98344. The refractive
index was measured with a refractometer (manufactured by
Kalnew Optical Industrial Co., Ltd, trade name: KRP-2). The
glass transition temperature (Tg) and the yield point (At)
were measured with a thermal analysis instrument (manufac-
tured by Bruker, trade name: TD5000SA) by a thermal expan-
sion method at a rate of temperature increase of 5° C./min.

TABLE 3
Mass % Mol %
P,04 16.4 23.1
B,O; 1.9 5.5
Li,O 1.7 11.6
Na,O 1.2 4.0
X,0 1.2 2.5
Bi,03 38.6 16.6
TiO, 3.5 8.7
Nb,Os 23.3 17.6
WO, 12.1 10.4

[0313] The scattering layer 1620 was formed by the follow-
ing procedure. A powder raw material was prepared so as to
give the composition indicated by the ratio of Table 3. The
powder raw material prepared was dry milled in a ball mill
made of alumina for 12 hours to prepare a glass powder
having an average particle size (d50, particle size at an inte-
grated value of 50%, unit: pm) of 1 to 3 pm. Then, 75 g of the
resulting glass powder was kneaded with 25 g of an organic
vehicle (one in which about 10% by mass of ethyl cellulose
was dissolved in a-terpineol and the like) to prepare a paste
ink (glass paste). This glass paste was uniformly printed on
the above-mentioned glass substrate to film thicknesses after
firing of 15 pm, 30 pm, 60 um and 120 pm. After drying at
150° C. for 30 minutes, this was once returned to room tem-
perature. Then, the temperature was raised to 450° C., taking
45 minutes, and held at 450° C. for 10 hours. Thereafter, the
temperature was raised to 550° C., taking 12 minutes, and
held at 550° C. for 30 minutes. Then, the temperature was
lowered to room temperature, taking 3 hours, to form a glass
layer on the glass substrate. For the scattering layer having a
film thickness of 120 um, a surface thereof was polished to a
film thickness of 60 um. In the glass film formed thereby,
many pores were contained, which caused the occurrence of
scattering. On the other hand, on the outermost glass surface
of the scattering layer, there was not observed such local
unevenness as causing an interelectrode short circuit of the
organic EL element, such as openings of the pores, although
waviness was observed.

[0314] FIG. 27 is graphs showing waviness of the surfaces
of the scattering layers. FIG. 27(A) shows waviness of the
surface of the scattering layer having a film thickness of 60
um, and FIG. 27(B) shows waviness of the surface of the
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scattering layer having a film thickness of 60 um obtained by
polishing the scattering layer having a film thickness of 120
um. FIG. 28 is a graph in which the angle of a waviness slope
inFIG. 27(A) is calculated. In FIG. 27(A) and FIG. 27(B), the
measurement was made by using a surface roughness tester
(manufactured by Tokyo Seimitsu Co., Ltd, SURFCOM
1400D). The angle of the slope of the scattering layer caused
by the waviness is up to about 27°. This angle is smaller than
the taper angle (40 to 50°) of an edge portion of an opening
insulating film used in a passive type organic LED panel. This
is therefore considered not to disturb coverage of the organic
layer, the metal layer and the like. Further, the cause of the
waviness is considered to be that the glass particles are not
classified in preparing the frit to cause large particles to be
contained, whereby the large particle portions remain as the
waviness at the time of firing. Accordingly, the waviness can
be avoided by decreasing and equalizing the size of the par-
ticles. Incidentally, the measurement results of local rough-
ness are shown in FIG. 29 is graphs showing of surfaces of
scattering layers. FIG. 29(A) is the case where the surface of
the scattering layer is not polished, and FIG. 29(B) is the case
where the surface of the scattering layer is polished. The
arithmetic average roughness Ra of the surface of the non-
polished scattering layer was 31.0 nm, and the arithmetic
average roughness Ra of the surface of the polished scattering
layer was 23.5 nm. As seen from FIG. 29, no local protrusion
is observed on the surface of the scattering layer, and the
measurement results of the surface of the non-polished scat-
tering layer (FIG. 29(A)) shows an unevenness shape similar
to that of the measurement results of the surface of the mirror-
polished scattering layer (FIG. 29(B)). This is because the
scattering material is pores and no pores are present in the
surface. When the scattering material is mixed with the
organic material (when a resin is used as the base material,
and solid particles are used as the scattering material), the
scattering material is exposed on the surface in some cases. It
is therefore necessary to prevent the short circuit of the
organic LED element by smoothing the roughness of the
scattering layer surface.

[0315] On the other hand, in the polished one, the smooth
surface is formed.

[0316] The total light transmittance and haze value of each
scattering layer-attached substrate were measured. As a mea-
surement device, there was used a haze meter HGM-2 manu-
factured by Suga Test Instruments Co., Ltd. As a reference,
there was measured an untreated plate of the above-men-
tioned glass substrate PD200. The results measured are
shown in Table 4.

TABLE 4
Thickness of Total Light Haze Value
Scattering Layer (um) Transmittance (%) (%)
15 97.9 66.3
30 85.1 72.5
60 83.1 76.1
[0317] As shown above, it is seen that scatterability
increases with an increase in the film thickness of the scatter-
ing layer.
[0318] The ITO film 1630 was formed on the scattering

layer 1620 and the glass substrate 1610 on which the scatter-
ing layer 1620 was not formed, to a film thickness of 150 nm
by sputtering. The sputtering was performed at room tem-
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perature. Ar was 99.5 SCCM, O, was 0.5 SCCM, the pressure
was 0.4-7 Pa, and the input electric power was 2.35 W/cm?.
Then, using a vapor deposition apparatus, the Alq; film 1640
was formed on the ITO film 1630, and the Ag film 1650 as
formed on the Alq, film 1640, to film thicknesses of 200 nm
and 70 nm, respectively. In this evaluation, UV light was
irradiated from the upper side of the Ag film 1650 to excite the
Algq; film 1640. When the film thickness of the Ag film 1650
is thick, the UV light does not pass through. When it is too
thin, fluorescent light from the Alq; film 1640 passes through
without being reflected. In the case of UV light of 320 nm,
about 25% thereof can pass through by adjusting the film
thickness of the Ag film 1650. On the other hand, it becomes
possible to restrain the ratio of the fluorescent light passing
through the Ag film 1650 to 1% or less. The Alqj, film 1640 is
excited by the UV light which enters from the side of the Ag
film 1650. However, in the side of the Alq; film 1640 close to
the Ag film 1650, light emitted to the side of the glass sub-
strate 1610 and light emitted to the side of the Ag film 1650
and reflected by Ag to proceed to the glass substrate side
interfere with each other to be weakened, because the differ-
ence in light path is small, whereas the reflection by Ag causes
a phase deviation of approximately z. This problem could be
solved by making the film thickness of the Alq; film 1640 as
thick as 200 nm, thereby being able to increase the light-
emitting luminance measured.

[0319] Using the evaluation element prepared as described
above, light-emitting characteristics were immediately evalu-
ated. A method for measuring and evaluating the light-emit-
ting luminance is shown in FIG. 21. As an excitation light
source, a mercury xenon lamp (trade name: Suncure 202-L.S)
2100 manufactured by Asahi Glass Co., Ltd. was used. Light
from the light source contains visible components, so that
these components were removed by using a visible light filter
2110. In front of the evaluation element 1600, a stainless steel
aperture (15 mmx10 mm) 2120 was disposed to form an UV
beam. A part of the UV light which has entered the evaluation
element 1600 passes through the Ag film 1650 and excites the
Alq; film 1640 to generate fluorescence. The UV light irra-
diated to the region 1600 A having the scattering layer of the
evaluation element 1600 and to the region 1600B having no
scattering layer, and fluorescent luminance of each region
was measured with a luminance meter 2140. As the lumi-
nance meter, a luminance meter (trade name: L.S-110) manu-
factured by Konica Minolta Holdings Inc. was used, and UV
light filter was disposed in front of the luminance meter.

[0320] Measurement points are shown using the drawing.
FIG. 31 is a diagram corresponding to FIG. 26. As shown in
FIG. 31, the measurement points are 5 points of a center and
four corners of an UV irradiation region in total. In a portion
not having the scattering layer 1620, the UV irradiation
region and the fluorescent light emission region are the same
as with each other. However, when there is the scattering layer
1620, the fluorescent light emission region can be classified
into two regions, a strong central light-emitting region 2210
corresponding to the UV irradiation region and a peripheral
light-emitting region 2220 on the outer side thereof in which
light emission becomes weak as approaching the periphery.
Examples of luminance distribution of the central light-emit-
ting region 2210 and the peripheral light-emitting region
2220 are shown in FIG. 32. The luminance atline D-D in FIG.
31 was measured herein. As known from FIG. 32, it is seen
that light can be extracted not only from the fluorescent light
emission region (central light-emitting region 2210), but also
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from the periphery thereof, when there is the scattering layer.
This is said to have an effect of high luminance, compared to
the conventional organic LED element, when the organic
LED element of the invention is used in lighting.

[0321] FIG. 33 shows the average front luminance of five
measurement points for each scattering layer changed in
thickness (15 um, 30 um, 60 pm and 60 pm after polishing).
As shown in the graph, it is seen that the front luminance
increases with an increase in the film thickness of the scatter-
ing layer. Further, the surface-polished article having a scat-
tering layer film thickness of 60 pm has a luminance equiva-
lent to that of the non-polished one. From this fact, it is
considered that an increase in luminance is mainly caused by
scattering by the pore-containing high refractive index glass
layer of the invention, not by surface waviness.

[0322] Actually, there is the peripheral light-emitting
region 2220. The light extracted from the periphery decreases
in luminance with distance from the central light-emitting
region, and becomes approximately 0 at about 8 mm from an
edge of'the central light-emitting region, as shown in FIG. 32.
When a product is considered to which the invention is
applied, in the case where the size of a light-emitting portion
is sufficiently larger than 8 mm, the light extracted from the
peripheral light-emitting region is also allowed to be consid-
ered as a light flux extracted. FIG. 34 shows the luminance at
the time when the five-point average value is corrected by
measuring the amount of light of the peripheral light-emitting
region for each scattering layer changed in thickness (15 um,
30 um, 60 um and 60 um after polishing). Specifically, the
luminance distribution of the peripheral light-emitting region
is measured, and the total light flux amount is calculated. The
correction is made by adding a value of that value divided by
the area of the central light-emitting region to the luminance
of the central light-emitting region. In the region having no
scattering layer, it is seen that the front luminance ratio to the
region having the scattering layer more increases because of
no presence of the peripheral light-emitting region.

[0323] FIG. 35 shows the ratio of the front luminance in the
region having no scattering layer and the region having the
scattering layer of each evaluation element. As shown in the
graph, only the UV irradiation region provides the front lumi-
nance of 1.7 to 2.0 times that in the case of having no scat-
tering layer by insertion of the scattering layer of the inven-
tion. When the peripheral light-emitting region is considered,
it can be estimated to reach 2.2 to 2.5 times.

[0324] Then, fluorescence spectra of the region having the
scattering layer (thickness: 30 pm) and the region having no
scattering layer were measured with a fluorophotometer
(trade name: F4500) manufactured by Hitachi High-Tech-
nologies Corporation. The measurement results thereof are
shown in FIG. 36. Further, one in which the spectrum inten-
sity of the region having no scattering layer is doubled, and
overwritten on the spectrum of the region having the scatter-
ing layer is shown in F1G. 37. As is apparent from FI1G. 36 and
FIG. 37, it is seen that the region having the scattering layer is
approximately the same as the region having no scattering
layer in shape, and about 2 times in light emission intensity.
As a result of this, in the organic LED element, the emission
spectrum is changed by the interference in the inside of the
element to change the luminance in some cases, but it can be
said that there is no influence thereof herein.

[0325] Then, the directional dependency of light intensity
was measured. A measuring method is the same as the mea-
suring method shown in FIG. 30. The luminance was mea-
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sured with changing the position of a luminance meter, and
the light intensity was calculated from the resulting value.
The measurement results are shown in FIG. 28. FIG. 39 is a
graph in which the data of FIG. 38 is normalized by the front
light intensity. As shown in the graph, it was confirmed that
the directional dependency of light intensity did not change
independently of the presence or absence of the scattering
layer to show strong non-directivity. From this, it was con-
firmed that the improvement of the light-extraction efficiency
of'the invention which was confirmed for the front luminance
was also similarly improved for the total light flux.

[0326] Then, the particle size distribution of pores in the
scattering layer prepared this time was measured. When the
thickness of the scattering layer is 15 um, all pores in the
scattering layer can be distinguished under a microscope. The
pores in a field of view of 90.5 umx68.1 pm were distin-
guished and counted by image processing. The results of
measurement at arbitrary three places of the scattering layer
are shown in Table 5.

TABLE 5
Number of Average Pore Number of
Observing Site Pores Particle Size (um)  Pores per 1 mm?
#1 598 13 1.07 x 10°
#2 934 1.33 1.51 x 10°
#3 1371 1.4 2.22x10°
[0327] Further, cell diameter distribution at measurement

point #2 is shown in FIG. 40. As is apparent from Table 5 and
FIG. 40, many pores had a pore diameter of 2 pm or less, and
the average diameter was from 1.3 to 1.4 um. Furthermore,
the number of pores per 1 mm? of the scattering layer was
from 1.1x10° to 2.2x10°. When proportional calculation is
carried out on the cases where the thickness of the scattering
layer is 30 pm and 60 um, using the above-mentioned mea-
surement results (the thickness of the scattering layer is 15
um), the number of pores in the case where the thickness of
the scattering layer is 30 um is from 2.2x10° to 4.4x10°, and
the number of pores in the case where the thickness of the
scattering layer is 60 um is from 4.4x10° to 8.8x10°.

[0328] FIG. 41 is a graph comparing the measurement
results in the present case to the relationship between the
number of pores per 1 mm? and the light-extraction efficiency
at the time when the pore diameter is 2 um. When the mea-
surement results of FIG. 41 are compared to the simulation
results of FIG. 14, it has been seen that the evaluation element
shows results similar to the simulation results. To describe it
concretely, when the thickness of the scattering layer is 15
um, the number of pores is insufficient, and the light-extrac-
tion efficiency is insufficient. When the thickness of the scat-
tering layer is 60 um, the light-extraction efficiency is also in
a saturated region.

[0329] FIG. 42 shows the refractive indexes of the glass for
the scattering layer, the ITO film and the Alq; film used in the
example. As the refractive index of the ITO film as used
herein, the data of a similar film formed at room temperature
was used. The light-emitting wavelength of the Alq, film is
from 430 nm to 670 nm, so that the magnitude correlation of
the refractive index is the scattering layer glass>the ITO
film>the Alq; film, over this entire wavelength region. From
this, it is considered that there is no loss of light due to
propagation in the inside of the ITO film or the Alq; film.
Incidentally, as the causes of a loss of the light-extraction
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efficiency, the reflectivity of the Ag film and adsorption of the
Alg; film, ITO film, the scattering layer glass and the sub-
strate glass are considered. When the refractive indexes and
extinction coefficients of Ag and Alq, at a light-emitting peak
wavelength are taken as (n1, k1) and (n2,k2), respectively, the
reflectivity in a vertical direction at an interface between Ag
and Alg, becomes ((n1-n2)*+(k1-k2)?)/((n1+n2)*+(k1+k2)
2). From this, the reflectivity becomes about 93%, because
n1=0.129, k1=3.25, n2=1.728 and k2=0.0016. From the
graph of “WITH SCATTERING LAYER” in FIG. 16, the
light-extraction efficiency at this time is about 60%, when
there is no additional loss. In the case of the scattering layer
having a film thickness of 60 pm, which was prepared this
time, the total light transmittance is as low as 83%, so that a
loss in the scattering layer is deduced to be also on a non-
negligible level. Although the light path length in the scatter-
ing layer is unknown herein, supposing that it is about 1 mm,
the loss at an adsorption of 17% can be estimated to be about
12%, from the above-mentioned simulation results. When the
above-mentioned reflection loss of the Ag film is multiplied
by the loss in the scattering layer glass, the light-extraction
efficiency becomes 60%x(100-12) %=53%. When the light-
extraction efficiency in the case of no scattering layer is
assumed to be 20%, the light-extraction efficiency of 53% is
2.65 times that of the untreated one, and approximately
agrees with 2.5 times in the case where the peripheral diffu-
sion light is also considered. In order to improve a decrease in
light-extraction efficiency due to the reflection loss of the Ag
film and the loss in the scattering layer glass, it is also con-
ceivably effective to decrease the reflectivity of the glass
substrate with the air, as well as to increase the reflectivity of
the refractive electrode or the transmittance of the glass scat-
tering layer. Specifically, it is mentioned that an antireflective
film is formed on the outermost surface of the glass substrate.
As described above, use of the invention make it possible to
extract the light propagating in the organic layer or the inside
of the translucent electrode to the outside.

Example 2

Experimental Proof of Flatness of Main Surface of
Scattering Layer

[0330] There will be described below an experimental
proof for showing that a flat main surface (the arithmetic
average roughness is 30 nm or less) of the scattering layer is
effective, in order to improve the light-extraction efficiency.
[0331] First, as the glass substrate, there was used the
above-mentioned glass substrate PD200 manufactured by
Asahi Glass Co., Ltd. The scattering layer was prepared as
follows. First, a powder raw material was prepared so as to
give the glass composition of Table 3, melted in an electric
furnace 0f 1,100° C., cast into a roll to obtain glass flakes. This
glass has a glass transition temperature of 499° C., a yield
point of 545° C. and a thermal expansion coefficient of
74x1077 (1/° C.) (the average value of 100 to 300° C.). The
refractive index nF of this glass at the F line (486.13 nm) is
2.0448, the refractive index nd at the d line (587.56 nm) is
2.0065, and the refractive index nC at the C line (656.27 nm)
is 1.9918. Methods for measuring the refractive index and the
glass transition point-yield point are the same as in the above-
mentioned example.

[0332] The flakes prepared were further pulverized in a
planetary mill made of zirconia for 2 hours, and passed
through a sieve to prepare a powder. For the particle size
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distribution at this time, D5, was 0.905 um, D,, was 0.398
um, and Dy, was 3.024 um. Then, 20 g of the resulting glass
powder was kneaded with 7.6 g of an organic vehicle to
prepare a glass paste. This glass paste was uniformly printed
on the above-mentioned glass substrate to a circular form
having a diameter of 10 mm and a film thickness after firing of
15 pm. After drying at 150° C. for 30 minutes, this was once
returned to room temperature. Then, the temperature was
raised to 450° C., taking 45 minutes, and held at 450° C. for
30 minutes Thereafter, the temperature was raised to 550° C.,
taking 12 minutes, and held at 550° C. for 30 minutes to
perform firing. Then, the temperature was lowered to room
temperature, taking 3 hours, to form a scattering layer on the
glass substrate. In addition to this, scattering layers were also
prepared at the same temperature profile as described above
with the exception that only the holding-firing temperature
was changed to 570° C. and 580° C.

[0333] Then, the surface roughness of these was measured.
For the measurement, there was used a three-dimensional
noncontact surface profile measuring system, Micromap,
manufactured by Ryoka Systems Inc. The measurement was
made in two places in the vicinity of a central portion of the
circular scattering layer, and a measuring area was a square
with sides each 30 um long. Further, the cutoft wavelength of
waviness was 10 pm. When the unevenness has a period of 10
pum or more, it is considered that a film used for formation of
the organic LED element, which is formed by a system such
as sputtering, vapor deposition, spin coating or spraying, can
sufficiently follow that unevenness. For the unevenness hav-
ing a period of less than 10 pum, it is considered that coatability
thereof becomes insufficient in vapor deposition and the like
in some cases. FIG. 43 shows the arithmetic average rough-
ness (Ra) of the scattering layers fired at the respective tem-
peratures. One fired at 550° C. is incompletely fired, so that
pores in the scattering layer are not spherical, and a surface
thereof is roughened. Accordingly, when an element is pre-
pared thereon, a defect such as an interelectrode short circuit
is liable to occur. Compared to this, in the layers fired at 570°
C. and 580° C., pores in the scattering layers become spheri-
cal, and surfaces thereof also become smooth.

TABLE 6
Mass % Mol %
P,04 16.4 23.1
B,O; 4.2 12
Li,O 1.7 11.6
Na,O 0 0
K,0 0 0
Bi,03 38.7 16.6
TiO, 3.5 8.7
Nb,O4 23.4 17.6
WO, 12.1 10.4

[0334] The total light transmittance of the scattering layer-
attached glass substrate thus produced was 77.8, and the haze
value thereof was 85.2. As a measurement device, there was
used a haze computer (trade name: HZ-2) manufactured by
Suga Test Instruments Co., Ltd. As a reference, the measure-
ment was made using an untreated plate of the glass substrate
PD200.

[0335] Then, the scattering layer-attached glass substrate
produced as described above and the glass substrate PD200
having no scattering layer were each prepared, and an organic
LED element was produced. First, an ITO film was formed by
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mask film formation with a DC magnetron sputter to 150 nm
as a transparent electrode. FIG. 44 shows the refractive
indexes of the glass for the scattering layer and ITO. Then,
ultrasonic cleaning using pure water was performed, and
thereafter, UV light was irradiated with an excimer UV gen-
erator to clean a surface thereof. Then, a.-NPD (N,N'-diphe-
nyl-N,N'-bis(1-naphthyl)-1,1'-biphenyl-4,4"-diamine ~ was
vapor deposited to 100 nm, Alq; (tris(8-hydroxyquinoline)
aluminum to 60 nm, LiF to 0.5 nm, and Al to 80 nm, by using
a vacuum vapor deposition apparatus. At this time, a-NPD
and Alq; were deposited to a circular pattern having a diam-
eter of 12 mm using a mask, and LiF and Al were pattern
formed on the ITO pattern with the interposition of the above-
mentioned organic layers, using a mask having a region of 2
mm square, thereby completing an element.

[0336] Then, a concave portion was formed on PD200 as an
opposed substrate by sand basting, and a photosensitive
epoxy resin was applied for peripheral sealing to a bank
around the concave portion. Then, the element substrate and
the opposed substrate were placed in a glove box, and a
desiccant containing CaO was attached to the concave portion
of'the opposed substrate. Then, the element substrate and the
opposed substrate were adhered to each other, followed by
irradiation with UV light to cure the resin for peripheral
sealing. The state of the occurrence of the interelectrode short
circuit in each element is shown in Table 7. The self-healing
as used herein means that a short-circuit portion is self-held
by allowing an overcurrent of 10 mA to flow through the
element to self-heal a short-circuit portion by the Joule heat
thereof.

TABLE 7
State of
Firing Interelectrode
Temperature Short Circuit Remarks
550° C. AtoX A short circuit occurred at Ra of 52 nm.
Self-healing was impossible.
A short circuit occurred at Ra of 33 nm.
Self-healing was possible.
570° C. O No short circuit oceurred.
580° C. O No short circuit oceurred.
[0337] States in which the elements emit light are shown in

FIG. 45 and FIG. 46. Here, the element having the scattering
layer is shown in FIG. 45, and the element having no scatter-
ing layer is shown in FIG. 46. In the element having no
scattering layer, light emission from only a region of approxi-
mately 2 mm square formed by the intersection of the ITO
pattern and the Al pattern is confirmed. However, in the ele-
ment formed on the scattering layer, it is seen that the light is
extracted not only from the above-mentioned region of
approximately 2 mm square, but also from a peripheral scat-
tering layer-forming portion to the atmosphere.

[0338] Thereafter, characteristics of the element in which
the scattering layer was fired at 570° C. were evaluated. For
the measurement of the total light flux, an EL characteristic
measuring apparatus  C9920-12  manufactured by
Hamamatsu Photonics K.K. was used. FIG. 47 shows the
voltage-current characteristic of the element having the scat-
tering layer and the element having no scattering layer. As
shown in the graph, an approximately similar characteristic is
obtained. This shows that a large leak current is not present
even in the element formed on the scattering layer. Next, FIG.
48 shows the current-luminance characteristic. As shown in
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the graph, the light flux amount is proportional to the current
independently of the presence or absence of the scattering
layer. In the case of having the scattering layer, the light flux
amount increased 15%, compared to the case of having no
scattering layer. This shows that the refractive index of the
scattering layer is higher than the refractive index of ITO as
the translucent electrode at the light-emitting wavelength
(450 nm to 700 nm) as shown in FIG. 44, so that ELL emitted
light of Alq; is inhibited from being totally reflected at an
interface between ITO and the scattering layer, resulting in
efficient extraction of light to the atmosphere.

[0339] Then, the angular dependency of color was evalu-
ated. For optical measurement, a multichannel spectroscope
(trade name: C10027) manufactured by Hamamatsu Photon-
ics K.K. was used. The measurement was made while rotating
the element to the spectroscope, thereby measuring the angu-
lar dependency of light-emitting luminance and light-emit-
ting color. For the definition of the angle, the angle between a
normal line direction of the element and a direction extending
from the element to the spectroscope was defined as the
measurement angle 6[°] (FIG. 49). Namely, a state in which
the spectroscope is placed in front to the element becomes 0°.

[0340] The spectrum data obtained are shown in FIGS. 50,
51,52 and 53. FIG. 50 shows the measurement results of the
organic LED element having no scattering layer. FIG. 51
shows spectral data further normalized, taking the luminance
at a wavelength showing the maximum luminance at each
measurement angle as 1. From FIG. 51, it is seen that devia-
tions occur in the spectra depending on the measurement
angle.

[0341] Then, FIG. 52 shows the measurement results of the
organic LED element having the scattering layer. FIG. 53
shows spectral data further normalized, taking the luminance
at a wavelength showing the maximum luminance at each
measurement angle as 1. From FIG. 53, it is seen that devia-
tions scarcely occur in the spectra even when the measure-
ment angle changes. Further, the results of conversion of the
above-mentioned spectra to chromaticity coordinates are
shown in Table 8 and FIG. 54.

TABLE 8
Measurement No Scattering Layer With Scattering Layer

Angle 6 X y X y

0° (Front) 0.304 0.595 0.333 0.579
10° 0.305 0.59 0.333 0.579
20° 0.302 0.593 0.333 0.579
30° 0.305 0.585 0.333 0.579
40° 0.305 0.577 0.331 0.581
50° 0.314 0.566 0.33 0.582
60° 0.316 0.56 0.33 0.582

[0342] Itis seen that the element having no scattering layer

largely changes in color depending on the measurement
angle, whereas changes are small for the element having the
scattering layer. The above has revealed that a further effect of
decreasing angle changes in color is obtained, in addition to
the effect of improving the light-extraction efficiency which
is the original object, by imparting the scattering layer to the
element. The small angle changes in color result in a great
advantage that the seeing angle is not limited, as the light-
emitting element.
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[0343] As known from the above-mentioned evaluation
experiments, it has been proved that the simulations of the
invention are correct.

[0344] Incidentally, of the scattering layers used herein,
cross sections of ones fired at 570° C. and 580° C. were
polished, and SEM photographs were taken at a magnifica-
tion of 10,000x. From the photographs, the relationship
between the number of pores and distances from the surface
of the glass scattering layer to the pores was examined. The
lateral length of the SEM photograph was 12.5 um. Lines
were drawn on the SEM photograph at intervals of 0.25 pm
from the surface of the scattering layer, and the number of
pores found in a frame of 0.25 umx12.5 um was counted.
Here, a pore existing over a plurality of frames was counted as
existing in a lower frame. The results thereof are shown in
FIG. 55. The X-axis indicates the distance from the surface of
the glass scattering layer herein. For example, a point at 0.5
um shows the number of pores confirmed in a frame 0.25 um
to 0.5 um apart measured from the glass surface of the scat-
tering layer. Further, X=0 shows the number of concave por-
tions existing on the surface of the glass scattering layer, as
shown in FIG. 7 or FIG. 8. As shown in the graph, it can be
confirmed that the number of pores decreases with an
approach to the surface from 0.5 pm from the surface, as
shown by curve a, in the case of a firing temperature of 570°
C., from 1.25 pm from the surface, as shown by curve b, in the
case of a firing temperature of 580° C. Further, in both cases,
no concave portion was confirmed on the surface.

[0345] Further, from FIG. 55, it is apparent that the density
p, of the scattering material at a distance x (x=0.2 um) from
the surface of the above-mentioned scattering layer including
glass and the density p, of the above-mentioned scattering
material at a distance x=2 um satisty p,>p;. Furthermore,
FIG. 55 shows the results in the case where the firing tem-
perature is 570° C. and 580° C. However, even when the firing
temperature was somewhat varied, similar results could be
obtained.

[0346] Moreover, from FIG. 55, it is also apparent that the
density p, of the scattering material at a distance x (x=0.2
um) from the surface of the above-mentioned scattering layer
including glass and the density p5 of the above-mentioned
scattering material at a distance x=5 um satisfy ps>p;.
[0347] Incidentally, the number of pores in the scattering
layer fired at 580° C. tends to be more than that of the scat-
tering layer fired at 570° C. However, the cause thereof can
not be concluded. As the possibility thereof, the following
two are considered.

[0348] (1) In the scattering layer fired at 580° C., pores
more expand by a higher temperature to become easy to
count.

[0349] (2) The decomposition of organic residues adhered
to the glass powder more proceeds at 580° C. to increase the
number of pores.

[0350] Then, the presence or absence of the occurrence of
precipitated crystals was examined. When precipitated on the
surface of the glass scattering layer, the crystals can be easily
visually recognized under an optical microscope, because
when no crystals are precipitated, the surface of the scattering
layer is very smooth, and a peculiar point is conspicuous. The
difference between the crystals and foreign matter can be
easily judged from the symmetry of the shape and the like.
Further, the precipitated crystals in the inside of the glass
scattering layer can also be easily distinguished from the
pores and foreign matter by the shape thereof. The results are
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shown in Table 9. By selecting proper firing conditions such
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as firing at 570° C., it is possible to precipitate the crystals TABLE 12
only in the inside of the scattering layer and to inhibit the A
occurrence thereof on the surface.
Sio, 5.1
B,0, 24.24
TABLE9 PbsO, 52.37
BaO 7.81
Firing Inside of Glass Surface of Glass Al,O4 6.06
Temperature Scattering Layer Scattering Layer TiO, 2.71
CeO, 0.41
570° C. Observed Not observed Co30,4 0.48
. MnO, 0.56
580° C. Observed Not observed cuo 0.26
Unit: mol %
0351] Incidentally, the pores and the crystals are generated .
[ ] Y. Hep Y g [0354] Then, the waviness was measured. As an apparatus,

by different mechanisms, so that it is possible to generate only
the pores or only the crystals by controlling the glass material,
the powder particle size, the surface state, the firing condi-
tions (atmosphere, pressure) or the like. For example, crystal
precipitation is inhibited by increasing a network former in
the glass or increasing an alkali oxide component for inhib-
iting crystal precipitation, and pore generation is inhibited by
firing under reduced pressure.

Example 3

Waviness
[0352] Then, Example 3 of the invention will be described.
[0353] First, as a sample for measurement, there was pre-

pared one in which a scattering layer was formed on a PD200
substrate, and an Al thin film having a thickness of about 80
nm was further formed thereon by a vapor deposition method.
As the scattering layers, six kinds shown in Table 10 were
used. Glass compositions A, B and C are shown in Table 11
and Table 12, respectively.

TABLE 10
Firing
Glass Material Temperature Film Thickness
1 A 550° C. 15 um
2 560° C. 15 um
3 570° C. 15 um
4 580° C. 15 um
5 B 550° C. 60 um
6 C 550° C. 30 pm
TABLE 11
A B
P,05 23.1 23.1
B,0; 12 5.5
Li,O 11.6 11.6
Na,O 0 4
X,0 0 2.5
Bi,0, 16.6 16.6
TiO, 8.7 8.7
Nb,O4 17.6 17.6
WO, 10.4 10.4
Unit: mol %

there was used SURFCOM (trade name: 1400D-12) manu-
factured Tokyo Seimitsu Co., Ltd. Roughness measurement
was made at a measuring length of 5.0 mm and a measuring
speed of 0.15 mm/s, taking the short wavelength cutoff value
As as 25.0 um and the long wavelength cutoff value Ac as 2.5
mm. The waviness roughness Ra and the arithmetic average
wavelength Rha are calculated from this measured data in the
apparatus based on the JIS 2001 standard (the translated
standard of ISO 97). Further, from the data of the waviness,
the surface area was calculated, and the difference from the
flat case was compared. Then, the diffuse reflection ratio was
measured. In a measuring system, parallel light is allowed to
income through one opening of an integrating sphere, the
sample is placed at an opening corresponding to the opposite
corner thereof, and a detecting apparatus of outgoing light is
placed at another opening. As the detecting apparatus, there
was used a spectro-photometer Lambda 950 manufactured by
Perkin Elmer.

[0355] First, spectrometry of total reflection is carried out
in a state where the other openings are closed, and the reflec-
tivity is calculated using that data. The calculation of the
reflectivity is performed by multiplying the spectral data
obtained by the spectral distribution of a light source and the
color-matching function y(A). Incidentally, a D65 standard
light source was used for the light source data, and the data of
2° field of view was used for the color-matching function.
[0356] Then, spectrometry is carried out in a state where the
opening of the integrating sphere, which is placed at a posi-
tion where light spectrally reflected outgoes to the sample, is
opened, and the reflectivity at that time is calculated. The
reflectivity ion this case shall be called the diffuse reflectivity.
Then, the diffuse reflectivity ratio was calculated by dividing
the diffuse reflectivity by the total reflectivity. The measure-
ment results thereof are as shown in Table 1.

[0357] Since there is the scattering material in the glass
scattering layer, a metal electrode surface is not visually
recognized like a mirror surface. However, supposing that
scatterability is lowered, it is visually recognized as a mirror
surface, which is possibly unfavorable in terms of the appear-
ance. This time, when the Al film is formed on the scattering
layer and observation is made from the Al electrode side, the
appearance of the metal electrode can be evaluated without
being affected by the scattering layer. As shown in Table 13,
the diffuse reflectivity ratio increases by the waviness, and
seeing specularity is restrained in all cases.

[0358] The diffuse reflectivity ratio at the time when the Al
film was directly formed on the glass substrate was measured.
As aresult, itwas 40%, and became a large value compared to
38% of material C. However, specular visibility was appar-
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ently restrained to the eye, when the scattering layer was
formed by material C. However, although the outline of an
body reflected blurs to be able to restrain specularity in the
case of material C(Ra/ARa=0.0234x107?), the diffuse reflec-
tivity ratio equivalent to or more than the case of material A
fired at 580° C. (Ra/ARa=0.556x1072) is more preferred. In
that case, the outline of a body reflected is not visually rec-
ognized at all.

Example 4

Total Transmittance (Haze Value) of Scattering Lay-
ers

[0359] The results of measuring the total transmittance of
the scattering layers will be described below.

[0360] Scattering layers having the glass composition
shown in Table 1 and different in thickness were prepared on
glass substrates. The scattering layers have thicknesses of 9
um, 15 pm and 30 um, respectively. Organic LED elements
were prepared on these scattering layers, followed by evalu-
ation to evaluate the ratio of the light-extraction efficiency to
the case of having no scattering layer, in the same manner as
described above. When total transmittance and the haze value
were measured using the above-mentioned haze meter, a
sample is set in the inside of an integrating sphere 300 as
shown in FIG. 56 to prevent loss of the light propagating in a
lateral direction inside the substrate 101 to perform evalua-
tion. The relationship between the film thickness of the scat-
tering layer and the total light transmittance is shown in FI1G.
57, and the relationship between the film thickness of the
scattering layer and the haze value is shown in FIG. 58.

[0361] As shown in the graphs, it is confirmed that the total
light transmittance decreases and the haze value increases
with an increase in the film thickness of the scattering layer
102. Then, the light-extraction efficiency ratio (light-extrac-
tion ratio) comparing the total light transmittance to the case
of having no scattering layer is shown in FIG. 59, and the
light-extraction efficiency ratio (light-extraction ratio) com-
paring the haze value to the case of having no scattering layer
is shown in FIG. 60.

[0362] The glass material has definite absorption. Accord-
ingly, when the degree of scattering increases, the light path
length passing through in the scattering layer becomes long,
resulting in a decrease the extraction efficiency. Conversely,
when the scattering is small, the direction of light can not be
changed, so that total reflection can not be inhibited, resulting
in a decrease in the extraction efficiency. From these, there are
the total light transmittance and the haze value suitable for
maximizing the extraction efficiency.

[0363] From the above-mentioned experiment results, the
total light transmittance is desirably 75% or more. Further, it

is desirable that this translucent substrate has a haze value of
80 to 87.

[0364] While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
understood by those skilled in the art that various changes and
modifications may be made therein without departing from
the spirit and scope of the invention.

[0365] The present application is based on Japanese Patent
Application No. 2007-195797 filed on Jul. 27, 2007, and
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Japanese Patent Application No. 2007-241287 filed on Sep.
18, 2007, the contents of which are incorporated herein by
reference.

INDUSTRIAL APPLICABILITY

[0366] As has been described above, the electrode-attached
translucent substrate of the invention has the scattering layer
which is excellent in scatterability and high in reliability, so
that light-extraction efficiency or incorporation efficiency can
be increased to be applicable to light-emitting devices, light-
receiving devices and the like.

1. An electrode-attached translucent substrate comprising:

a translucent glass substrate;

a scattering layer formed over the glass substrate and com-
prising a glass which contains: a base material having a
first refractive index for at least one wavelength of light
to be transmitted; and a plurality of scattering materials
dispersed in the base material and having a second
refractive index different from that of the base material;
and

atranslucent electrode formed over the scattering layer and
having a third refractive index equal to or lower than the
first refractive index,

wherein distribution of the scattering materials in the scat-
tering layer decreases from the inside of the scattering
layer toward the translucent electrode.

2. The translucent substrate according to claim 1, satisfy-
ing p4>p;, wherein p5 is a density of the scattering material at
a distance x (x=0.2 pm) from a surface of the scattering layer
and p, is a density of the scattering material at a distance x
being 2 um.

3. The translucent substrate according to claim 1, wherein
a surface of the scattering layer has waviness constituting a
curved surface.

4. The translucent substrate according to claim 3, wherein
the ratio Ra/Rh.a of a waviness roughness Ra of the surface of
the scattering layer to a wavelength RAa of the waviness of the
surface is from 1.0x107> t0 3.0x1072.

5. The translucent substrate according to claim 1, wherein
a surface roughness Ra of the surface of the scattering layer is
30 nm or less.

6. The translucent substrate according to claim 1, wherein
the content of the scattering material in the scattering layer is
at least 1 vol %.

7. The translucent substrate according to claim 1, wherein
the scattering materials are pores.

8. The translucent substrate according to claim 1, wherein
the scattering materials are material particles having a com-
position different from that of the base layer.

9. The translucent substrate according to claim 1, wherein
the scattering materials are precipitated crystals of a glass
constituting the base layer.

10. The translucent substrate according to claim 1, wherein
the number of the scattering materials per 1 mm?® of the
scattering layer is at least 1x10™.

11. The translucent substrate according to claim 1, wherein
the scattering layer has an average thermal expansion coeffi-
cient over the range of 100° C. to 400° C. of 70x1077(° C.™1)
t0 95x1077(° C.7), and a glass transition temperature of 450°
C. to 550° C.

12. The translucent substrate according to claim 1, wherein
the scattering layer contains 20 to 30 mol % of P,O,, 3t0 14
mol % of B,0;, 10 to 20 mol % of Li,O, Na,O and K,O in
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terms of total amount thereof, 10 to 20 mol % of Bi,0;, 3 to
15 mol % of TiO,, 10 to 20 mol % of Nb,O5 and 5 to 15 mol
% of WO;.

13. A process for producing a translucent substrate com-
prising the steps of:

preparing a translucent glass substrate,

forming over the glass substrate a scattering layer compris-

ing: a base material having a first refractive index; and a
plurality of scattering materials dispersed in the base
material and having a second refractive index different
from that of the base material, and

forming a translucent electrode over the scattering layer,

wherein the scattering layer forming step includes the steps

of:

applying a coating material containing a glass powder onto

the glass substrate, and

firing the applied glass powder, and

wherein the intralayer distribution of the scattering mate-

rials in the scattering layer decreases from the inside of
the scattering layer toward the outermost surface
thereof.

14. The process for producing a translucent substrate
according to claim 13, wherein the firing step includes a step
of firing the glass powder at a temperature which is 60 to 100°
C. higher than the glass transition temperature of the applied
glass material.

15. The process for producing a translucent substrate
according to claim 13, wherein the applying step includes a
step of applying the glass powder having a particle size D, of
0.2 pm or more and Dy, of 5 um or less.

16. A process for producing an organic LED element com-
prising:
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the process for producing a translucent substrate according
to claim 13;

a step of forming a layer having a light emitting function

over the translucent layer as a first electrode; and

a step of forming a second electrode over the layer having

a light emitting function.

17. The translucent substrate according to claim 1, having
a wavelength of light to be transmitted being equal to a
wavelength of emitted light of an organic LED element.

18. An organic LED element comprising an organic layer
formed over the translucent electrode layer of the translucent
substrate according to claim 17 and a reflective electrode
formed over the organic layer.

19. The process for producing a translucent substrate
according to claim 13, wherein the base material and the
scattering materials constituting the scattering layer are a
base material having a first refractive index for at least one
wavelength of wavelengths of emitted light of an organic
LED element and a plurality of scattering materials posi-
tioned in the base material and having a second refractive
index different from that of the base material, respectively,
and

the translucent electrode layer has a third refractive index

equal to or lower than the first refractive index at the
wavelength.

20. A process for producing an organic LED element com-
prising the steps of:

forming an organic layer over the translucent electrode of

the translucent substrate according to claim 19, and
forming a reflective electrode over the organic layer.
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